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APPENDIX B

1 / INTRODUCTION

This final report, which combines the functions of both test report and

test data analysis and correlation report, documents the testing pro-

gram implemented to obtain key structural design and verification data

for the 3000 ton Surface Effect Ship (3KSES). Under this program,

static and fatigue tests were conducted on a variety of panel and

element specimens representative of the 3KSES hull structure. Panel

specimens encompassed welded plate coupons and single-bay length

stiffened panels. The larger, more complex element speciments included

three-bay length stiffened panels and segments of deck/transverse bulk-

head intersections. With minor exceptions, all testing was conducted

in accordance with Test Plans TTPOO016A and TTPOO017 (Reference 1 and

2, respectively), as approved by NAVSEA.

A principal task within the structural design effort for the 3KSES in-

volved the translation of loads and other design criteria into effi-

cient structural arrangements and scantlings. To assure structural

integrity, the detailed hull stress analysis must be based on sub-

stantiated strength values for structural components and joints abri-

cated to represent 3KSES production quality. The Structural Pan 1 and

Element Test Program described herein was conducted to provide those

substantiated values.
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The influence of specific manufacturing procedures and tolerances on

structural performance constituted a significant aspect of -this testing

program. As a result, the test data provided quantitative values for

structural load carrying capacities related to specific manufacturing

processes and tolerances. This data was necessary to define certain of

the fabrication and inspection standards incorporated in the 3KSES hull

structure fabrication document, Reference 3, which will be imposed

during hull construction. Use of this data also enables stress

engineers to evaluate certain analytical methodology for more accurately

predicting hull structural response.

The Panel and Element Test Program described herein was conceived and

conducted as a logical extension of the effort completed furing the

3KSES Advanced Development Program (Technical Development Area H-5).

As such, the program was aimed at being fully responsive to the know-

ledge gained and technological achievements developed from the previous

* ef forts. The total scope of the present program was intended to pro-

vide sufficient data to support go-ahead on the construction phase of

the 3KSES.

This final report is structured and organized to document all aspects

of the Panel and Element Structural Test Program. Background infor-

mation and rationale for the planned tests and definitions of the test

program objectives and scope are included. Also presented are descrip-

tions of all test specimens, test facilities and setups, test fixtures

and equipment, instrumentation and test procedures. Recorded test data

and interpreted test results are presented along with correlations of

the results to the other data and analytical predictions as applicable.

This report fulfills the requirements of Paragraph 3.2.2 of the 3KSES

Contract Statement of Work, Reference 4, and the requirements of

Exhibit Line Item No. E02Z of the Contract Data Requirements List (CDRL).

Thsdocoment has also been prepared in accordance with the applicable

requirements of Data Item Description No. UDI-S-23272C.
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1.1 BACKGROUND

During the Advanced Development Program, structural characteristics of

representative SES hull structure panels were determined empirically

and compared to analytical predictions. The test articles employed in

all of those tests consisted of plating stiffened with two extruded tee

st.ngers, typifying a section of SES deck structure as shown in

Figure 1-1. The panel specimens were designed and fabricated to semu-

late a spectrum of ship production conditions. These specimens were

evaluated for the effects of various parameters including distortions,

joint fit-up, weld quality, weld repairs, reinforcing doublers, and

post-weld processing such as blending and/or peening of the weld rein-

forcement. Various combinations of longitudinal and transverse plate

and tee weld joint configurations were tested to obtain a reasonably

adequate data base. Testing encompassed static tension, compression

buckling, and tensile fatigue including crack propagation.

The above test program produced significant data on static tensile

strength, compression stability, fatigue performance, assessment of

crack langth critcality, and production and inspection procedures and

standards. Based on the data accrued, design allowables and methods

of analysis were demonstrated to be applicable to a carefully fabri-

cated hull of tee stiffened panel structure. All of the above described

work was accomplished within Technical Development Area H-5. References

5 and 6 are the principal reports documenting that effort.

The initial development of welding and fabrication techniques specifi-

cally related to lightweight aluminum SES hull structure was accom-

plished within Technical Development Area H-12. From that work, it

was concluded that conventional gas metal arc welding using automation

and weld pacer assistance (plus gas turgsten arc welding for areas of

difficult accessl can produce high-quality welds with minimal distor-

tion at relatively high production rates. The H-12 program also demo-

j_ strated that precise difinition of welding procedures and careful

execution in applying the procedures during the welding operation are

required to attain the necessary quality. Reference 7 is the summary

report documenting the H-12 program effort.
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Since the completion of H-5 and H-12 testing, a number of significant

changes in the 3KSES hull structural details were made to substantially

enhance producibility. Principal among these was a shift from tee

stiffened panels to flatbar stiffened panels for the amjor portion of

hull structure. Also, additional welding development was accomplished

resulting in further improved welding procedures and attendant weld

quality compared to the levels reflected on the H-5 panels.

The panel and element structural testing program implemented under the

UKSES Part I contract and documented herein reflected these factors and

provided an expanded data base required for ship design. For planning

purposes this test program was divided into two parts, structural panel

tests and structural element tests, as follows:

a. Structural Panel Tests

The structural panel tests were devised as a logical extension

of the Advanced Development Program to reflect updated 3KSES

design details and fabrication technological developments.

These tests addressed plating welded joints and representative

single frame-bay length flatbar stiffened panels. Tests on

numerous plating welded joints, representing a broad spectrum

of these planned for use in the UKSES hull structure, addressed

the effects of various parameters including welding and weld

repair methods, Joint fitup and post-weld processing. Tests

on the single framebay length stiffened panels addressed the

effects of various eccentricities, weld repairs and joint

improvement techniques. A principal aspect of the stiffened

panel testing was aimed at providing data that can be used to

verify or refine the methodology for analyzing this type

structure under axial compression loading when certain types

of accentricities are present. As depicted in Figure 1-2,

the welded plating coupons and the stiffened panel specimens

selected for testing represented various areas of typical

UKSES hull structure.
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b. Structural Element Tests

The structural element tests were developed as a lo-gical

extension of the single-bay stiffenei panel tests to three

length panels with boundary conditions and structural inter-

actions more representative of the 3KSES hull structure. The

three-bay panel testing was aimed at providing data to sub-

stantiate and/or fefine the methodology for analyzing this type

of structure under various combinations of axial compression

loading and surface pressure. The structural elements testing

also addressed the intersection of continuous deck structure

with a transverse bulkhead when subjected to tensile loadings.

Locations on the 3KSES structure which were simulated by the

element specimens selected for testing are depicted in Figure

1-3.

1.2 OBJECTIVES

The comprehensive panel and element structural testing documented in

this report was conducted to satisfy the following planned general

objectives:

a. Validate or refine the tensile design allowables for welded

plate joints, erection joints in stiffened panel structure

and transverse bulkhead-to-deck intersections fabricated to

various production quality standards;

b. Acquire data to validate or modify the analytical methodology

used for predicting the axial compression strength of flatbar

stiffened panel structure containing various types and degrees

of eccentricities and distortions:

c. Develop improved weld repair and post-weld treatment procedures;

d. Provide data to assist in the definition of fabrication and

inspection standards and procedures for the UKSES hull struc-

ture fabrication document; and

e. Acquire information and data for use in preparing the in-service

Hull Surveillance Plan.
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The above general objectives encompassed a number of specific objectives

which were as follows:

a. Verify the static and fatigue strengths of plating butt welds

made using welding procedures suitable for 3KSES production.

Conduct tests on joints covering a broad range of plating

thicknesses anticipated for use in the 3KSES. Acquire data for

welds made from one side and welds made from both sides to

quantify the effects of joint mismatch, joint misalignment,

unequal plate thicknesses, weld repairs, post-weld processing,

retaining the as-welded reinforcement, and removing the weld

reinforcement.

b. Verify the static and fatigue strengths of double fillet welds

and groove tee fillet welds made using welding procedures

suitable for 3KSES production. Acquire data to quantify the

effects of weld repairs and post-weld processing.

c. Investigate weld repair procedures to achieve improved fatigue

performance over that attained during the Advanced Development

Program. Acquire data for single and multiple weld repairs

with and without post-weld processing.

d. Investigate post-weld processing procedures including brush

(rotary flapper) peening, shot peening, and weld reinforcement

contour shaping. Acquire data to evaluate the effects of

post-weld processing on the fatigue and static strengths of

welds with emphasis on repaired welds.

e. Verify the tensile static and fatigue strengths and the axial

compression strengths of typical 3KSES flatbar stiffened panels

containing simulated assembly erection joints fabricated with

various fitup eccentricities.

f. Conduct asial compression tests on several configurations of

flatbar stiffened panels containing various types and degrees

of eccentricities. Acquire data to substantiate or provide a

basis for refining the analytical methods for predicting the
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axial compression strengths of flatbar stiffened panels con-

taining flatbar and panel distortions and eccentricities.

g. Obtain data to define the effects of distortions and devia-

tions from fairness on structural strength.

h. Evaluate the effectiveness of the distortion removal techni-

ques employed during panel assembly fabrication.

i. Verify the static and fatigue strength characteristics of

structure that has been straightened after welding to remove

distortions found excessive by the fairness criteria.

j. Conduct tests on stiffened panel specimens incorporating weld

repairs and/or post weld processing to verify repeatability of

the basic results obtained from the plating joint tests.

k. Evaluate the effects of adding bonded doublers or mechanically

fastened doublers to improve joint fatigue strength.

1. Verify that weld inspection procedures and standards are ade-

quate to detect deficient welds which excessively degrade

structural integrity.

m. Define standards and establish static and fatigue strengths for

various grades of deficient welds which may be acceptable in

non-critical locations on the 3KSES hull structure. Weld

deficiencies included porosity and lack of penetration/lack

of fushion exceeding normal acceptance standards.

n. Acquire information relating to crack detection, and obtain

crack propagation rate data from welded joint and stiffened

panel fatigue tests.

o. Obtain data during specimen fabrication related to control of

distortions including weld sequencing, assembly sequencing,

and fixturing constraints.

p. Determine the static strength and buckling characteristics of

flatbar stiffened panels spanning three frame-bay lengths.
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(1) Determine panel strain (stress) distributions, buckling

mode(s) and buckling load(s) to validate and/or identify

areas of modification to the analytical prediction methods.

(2) Quantify the sensitivity of panel strength to bowed flat-

bar distortions under combinations of axial compression

and external pressure loading.

(3) Determine the actual ultimate load-carrying capacity of

each test panel under one critical test loading condition

to evaluate post-buckling behavior.

q. Verify or refine the tensile static and fatigue design allow-

ables for continuous flatbar stiffened deck structure at

transverse bulkhead intersections. Include the effects of

typical production alignment tolerances.

Results from the tests conducted to achieve these objectives are re-

ported herein along with correlations to pertinent test data and theo-

retical analysis as applicable.

1.3 SCOPE

The overall scope of testing conducted under the panel and element

program was essentially in accordance with the Reference 1 and 2 test

plans. Minor deletions of certain planned specimens were more than

offset by added specimens in other areas plus supplemental tests

carried out in three areas beyond the scope of the test plans. These

variations are further described below.

Testing was conducted on two basic types of panel specimens - welded

plate joints and flatbar stiffened panels - and on two basic types of

element specimens - three-bay length flatbar stiffened panels and

flatbar stiffened deck/transverse bulkhead intersections. Tests on

the panel specimens encompassed static tension, axial compression

| buckling, axial tensile fatigue. and bending fatigue. Tests on the

element soecimens encomoassed static tension, axial comoression buckling,
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axial tensile fatigue, normal pressure, and combined loading. A matrix

displaying the actual quantities of panel and element specimens with

the corresponding types of tests conducted is presented in Table 1-1.

The scope of the panel and element program was considered the minimum

necessary to demonstrate, through testing, the adequacy of design

allowables for specific welded structure joints and the validity of

buckling analysis methodology for flatbar stiffened panels. Test data

was acquired to evaluate the effects of eccentricities on the buckling

strength of flatbar stiffened panel structure under axial compression

load only and combinations of axial compression with external pressure

loading. The evaluated panel eccentricities included joint mismatch,

stiffener offset misalignment, and stiffener lateral bowing distortions.

A portion of the planned testing was conducted to provide data related

to fabrication and inspection standards and procedures for use in the

Hull Structure Fabrication section of the Production Plan CDRL EOOK(A),

Reference 3. Tests were performed to establish acceptable limits for

weld quality, weld bead contour, and structural fairness before and

after welding. Weld strengths and efficiencies were established, and

data was acquired for use in defining standards for the rejection of

deficient welds. Testing was also conducted to provide guidelines for
accepting, within limits, deficient welds in certain locations on the

structure. A net reduction of 20 in the originally planned number of

tensile static and fatigue coupons addressing deficient welds proved

vald lckof penetration/lack of fusion imperfections in butt welds

madefromtwo sides.

The originally planned scope of testing on the three-15ay panel elements

was expanded to include tests to failure under axial compression load

only. In addition, testing was conducted on the fourth specimen,

originally planned as a spare.
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Table 1-1. Panel and Element Structural Test Matrix

SPECIMEN DESCRIPTION
AND QUANTITY

TEST TYPE

BUTT JOINTS WELDED SINGLE PASS FROM ONE SIDE

Axial Tension Static Tests 22

Axial Tension Fatigue Tests 93

Bending Fatigue Tests 27

BUTT JOINTS WELDED FROM BOTH SIDES

Axial Tension Static Tests 9

Axial Tension Fatigue Tests 24

Bending Fatigue Tests 3

FILLET WELDED TRANSVERSE CRUCIFORM JOINTS

Axial Tension Static Tests (Cruciform) 9

Axial TenSion Fatigue Tests (Tee) 22

Axial Tension Fatigue Tests (Cruciform) 24

BUTT JOINTS WELDED SINGLE PASS FROM ONE SIDE
WITH WELD INPERFECTIONS

Axial Tension Static Tests 29

Axial'Tension Fatigue Tests 59

BASIC (HAUNCHED STIFFENER) CONFIGURATION

Static Compression Tests 4z

ERECTION JOINT CONFIGURATION
zw Static Tension Tests 4

Static Compression Tests 22

(n Tensile Fatigue Tests 23

THREE-BAY FLATBAR STIFFENED PANEL

Axial Compression Static Test

External Pressure Static Test 4

Combined Loading Static Tests

FLATBAR STIFFENED DECK/TRANSVERSE BULKHEAD

INTERSECTION (WITH ERECTION JOINT)

Axial Tension Static Test 2

Axial Tension Fatigue Test 3
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Developmental testing was conducted in the areas of post-weld process-

ing, weld repairing, and structural straightening. Post-weld process-

ing included weld bead recontouring, rotary flapper (brush) peening,

and shot peening. Weld repairs encompassed single and multiple repairs,

with and without post-weld processing, and the use of reinforcing

doublers. Structural straightening methods included surface shrink

welds and mechanical means such as bydraulic jacking, prying, and the
use of mallets.

Crack detection and crack propagation rate data was recorded during the

stiffened panel fatigue tests for use in the future development of an
in-service Hull Surveillance Plan to be included in the Ship Informa-
tion Book (CDRL EO2J). The panel fatigue tests also provided data

which can be utilized in selecting recommended inspection levels to be

included in the Surveillance Plan.

During the course of the panel and element testing, supplemental tests

were performed in three separate areas beyond the scope of the Ref-

erence I and 2 test plans to provide needed design engineering data.

In the first area, static tensile tests were conducted on coupons cut

from a 5456-Hill aluminum alloy extrusion to determine extrusion

directional mechanical properties. The second area of supplemental

testing was conducted to determine the influence of high strain rates

on the tensile properties of butt welded joints in 5456-H117 aluminum

alloy plate. Tests were performed at strain rates ranging from the

standard static tensile test rate of 0.05 per minute up to a maximum

of 1.0 per second. The objective of these tests was to determine if

increased design allowables could be employed for ship impulsive load-

ing conditions. The third series of supplemental tests was conducted

to determine allowable limits for 3KSES sidehull fence bearing on dry-

dock cap blocking. This series encompassed bearing tests on both

Douglass Fir and White Oak cap block specimens in the dry as-received

and seawater-soaked conditions loaded by forms duplicating the 3KSES

fence cap contour extremes. A matrix summarizing the supplemental
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tests including actual specimen quantities and the corresponding typesf

of tests is presented in Table 1-2.

A chart depicting the extensive utilization of data acquired from the

panel and element structural test program is presented in Figure 1-4.

Table 1-2. Supplemental Structural Test Matrix

SPECIMEN DESCRIPTIONI
TEST AN4D SPECIMEN
DESCRIPTION TEST TYPE jQUANTITY
EXTRUSION BASE METAL COUPON

PIRETIESA Web Longitudinal Static Tension Test4
PRPRISWeb Transverse Static Tension Test 4

Flange Transverse Static Tension Test 4

* HIGH STRAIN RATE BUTT JOINTS WELDED SINGLE PASS

Axial Tension Static Test 6

Axial Tension Accelerated Strain
Rate Test 18

KEEL CAP BLOCK CAP BLOCK TIMBERS
BEARINGS Bearing Static Test 7
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APPENDIX B

2 /APPROACH AND ORGANIZATION

2.1 APPROACH

A systematic approach was taken in the execution of the Panel and Ele-

ment Structural Test Program to achieve the various test plan objectives.

- I This approach encompassedothe performance of tests progressing from sim-
ple coupons to basic stiffened panels and then to more complex struc-

tural elements as described below. This "building block" approach per-

mitted the significant findings from the earlier tests to be utilized

in later tests as the program progressed.

2.1.1 COUPON TESTS -- Initial testing was performed on butt

and fillet welded plate coupon specimens to validate the 3KSES design

tensile strength properties with emphasis on evaluating the effects of

various fabrication parameters on these properties. Tension yield

strengths (both for 2-inch and 10-inch gage lengths) and tensile ulti-

mate strengths from the test results provided validation for the

'trength properties specified in Reference 3 for 
3KSES design and

analysis. Static tests were conducted to determine the effect of

various fabrication parameters; however, the majority of these speci-

mens were tested in fatigue which was considered to be a more sensitive

indicator of the effects of these parameters.

Static and fatigue tests were conducted on welded plate coupons with

variations in joint design and fit-up, with the weld reinforcement
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intact and removed, in as-welded and repaired conditions, and with

various degrees of weld imperfections. In addition, fatigue tests were

conducted on specimens which had been shot peened and rotary peened to

determine the optimum post-weld processing techniques. Transverse

static tension tests were conducted on cruciform configuration fillet

welded specimens in the as-welded condition, and fatigue tests were

conducted on transverse tee and transverse fillet welded coupons. The

fatigue tests included specimens with variations of fillet size and

bead geometry, in the as-welded and repaired conditions, and with and

without peening in which the optimum peening process, as determined

from the butt welded plate coupons, was used.

2.1.2 STIFFENED PANEL TESTS - Testing was next accomplished on

single bay stiffened panel specimens as a logical progression from

coupons to the basic UKSES structural configuration. The panel speci-

mens were stiffened with two flatbar stiffeners which were fillet welded

to the plate on 10-inch spacing. separate groups of these specimens

were tested in static tension, tensile fatigue and in column compression.

The effects of various eccentricities were emphasized in the compression

tests, and the fatigue tests evaluated the effects of panel straighten-

* ing and butt joint mismatch, as well as single and multiple repairs.

The static tensile tests validated the attainment of material tension

design allovables; for correlation with the properties derived from the
welded plate. coupon tests. The results of the stiffened panel tensile

fatigue tests also provided a data base for correlation with the re-

sults of the coupon tests. (The coupon fatigue test results were used

to establish the upper range of the maximum local tensile stress for
the stiffened panel tensile fatigue tests.)

Except for two static compression specimens, all of the stiffened panel

test specimens vere fabricated with a typical UKSES erection joint con-

figuration. Structural parameters included four stiffener/plate thick-

ness combinations with geometric eccentricities which included bowed

and bowed and straightened stiffeners, butt joint mismatch and misalign-

] B-18



ment, singl.e and multiple repairs, and optimum peening. In addition to

* I the all-welded panels, specimens with mechanically fastened- doublers

over unwelded stiffener butt joints were tested in static tension,

tensile fatigue and static compression to evaluate this design as a

potential alternate for fabricating the erection joint. Also, a single

* configuration consisting of doublers bonded over weld repairs in the

stiffeners and plate butt joints was tested in tensile fatigue to

evaluate this approach as a potential in-service repair technique.

The stiffened panel specimen compression test results were correlated

to analytical strength computations as described in Section 5 of this

report.

2.1.3 DECK/BULKHEAD ELEMENT TESTS -- Progressing to a more

complex structure, a configuration similar to the 3KSES deck-bulkhead

* I intersection was tested with loads applied in the plane of the deck.

This structural element configuration included the deck erection joint

and adjacent transverse bulkhead intersection with replicates tested

in static tension and in tensile fatigue. Both the static tension and

* tensile fatigue tests were conducted until an initial failure occurred;

then repairs were made, and testing was restarted and continued until

ultimate failure occurred. The results of these tests also provided a
data base for correlation to the results of the panel and coupon tests.

2.1.4 THREE-BAY ELEMENT TESTS - Final tests under the for-

* mally planned Panel and Element Test Program were conducted on stiffened

panel structural elements which were three bays in length. These ele-
ments were configured with transverse tee frames on three-foot spacings
and with tour haunched flatbar longitudinal stiffners on ten-inch spac-

ings. These specimens were tested with axial compression and lateral

pressure loads applied separately and in various combinations. Tests

were conducted within the elastic region and to failure on four test
specimens. The results were correlated to the 3KSES analytical methods

a descrihed in Section 7 of this report.
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2.1.5 SUPPLEM4ENTAL TESTS -- Supplemental tests, not included

in the formally submitted test plans (References 1 and 2) were conducted

to provide additional information needed for the 3KSES design process.

These tests included (1) tension tests of extrusion directional proper-

ties, (2) high strain rate tension tests, and (3) keel block bearing

tests.

2.2 ORGANIZATION

This test report provides documentation of the fabrication, testing,

test data, test data analysis and correlation, conclusions and recom-

mendations resulting from the 3KSES Panel and Element Structural Test

Program. Section 3 of the report describes the various processes and

procedures (including inspection) associated with the fabrication of

the test assemblies. Each of Sections 4 through 8 is a complete test

and correlation report for the welded plate coupons, stiffened panels,

deck/bulkhead elements, three-bay panel elements and suppl.emental tests,

respectively. Additional recorded data for the various tests are con-
tained in the appendixes.
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3 / ASSEMBLY FABRICATION

3.1 GENERAL

Except for two of the supplemental test series, the sources of all

specimens in the panel and element structural test program were

specially fabricated welded assemblies. These welded assemblies were

designed and fabricated utilizing planned 3KSES Procedures and controls,

as applicable, for drawing preparation and release, detail production

planning, material control, fabrication and welding, inspection and

disposition of non-conformances, and maintenance of records. The

detail fabrication requirements for the various assemblies are contained

in the following drawings, copies of which are provided in Appendix A:

TT802015A Plate Weldments - Transverse Butt

TT802017A Plate Weldments - Transverse Cruciform

TT802018A Plate Weldments - Transverse Tee

TT802021A Plate Weldments - Transverse Butt Weld Imperfections

TT802024A Fabrication Assembly - Flatbar Stiffened Panels

TT802032 Fabrication Assembly - Deck/Bulkhead Intersection

TT802041 Test Article Assembly - Three-Bay Panel Element

This section presents the methods, procedures and techniques used to

fabricate the welded plate and stiffened panel assemblies from which

the various test specimens were sectioned.
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3.2 MATERIAL AND MATERIAL PROCESSING

3.2.1 MATERIAL - All welded assemblies were fabrizated from

5456-H116/H117 aluminum alloy sheet and plate. The filler material

was type 5556 bare aluminum welding electrodes conforming to MIL-E-

16053L, Reference 8, in the "shaved" condition. The base material was

taken from several heats and was verified by chemical analysis. The

filler material was verified by all weld metal tension tests and bare

wire tension tests.

3.2.2 MATERIAL PROCESSING - With the exception of the final

group of plate weldments produced with intentional butt weld imperfec-

tions, all sheet and plate material was chemically cleaned by an alka-
line etch method. This method was also used to chemically mill some

of the material to provide stock thicknesses that could not be readily
procured in the small amounts required for this test program.

During the waning phase of fabricating test assemblies, it was deter-

mined that the advantages gained from chemically cleaning all plate

material did not warrant the additional expense involved, and a

decision was made to discontinue this process. This decision was sup-

ported by the fact that the etch cleaning process did not adequately

prepare the weld edge surfaces for welding and would not completely

remove heavy water staining. Since additional effort would be required

to remove the excess water stains, and weld edge preparation was re-

quired regardless of the condition of the plates, the elimination of

the chemical process cleaning was not considered detrimental. The

assemblies which had not been fabricated at the time chemical cleaning

was discontinued, i.e., the final plate butt weld imperfection assem-

blies, were fabricated in the mill-finish condition.

Edge trimming in preparation for welding was accomplished as prescribed

for production welds in Reference 3. The joint faying and contiguous

surfaces were solvent cleanee and wiped followed by mechanical clean-

ing using a power driven stainless steel wire brush. Welding was
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usually performed within 8 hours after joint preparation; however, in

some of the larger assemblies a longer period of time (i.e., up to 5

days) elapsed from cleaning to final welding.

3.3 FABRICATION AND WELDING

Fabrication details and allied processes are presented in the following

paragraphs. A detail planning sheet package was prepared for each

welded assembly. These planning sheets contained step-by-step instruc-

tions for material accumlation and preparation, weld joint configura-

tion, assembly and welding sequences, welding procedures, inspection

schedules and other specific details associated with each assembly.

Discrepancy reports, including dispositions, were prepared for all non-

conformances, and these reports, along with the planning documents, pro-

* vided a record of activities associated with the fabrication of each

assembly.

3.3.1 JOINT DESIGN AND WELD PROCEDURES - Various joint designs,

as depicted in the fabrication drawings, were used in the assembly fab-

brication. In general, all butt joints in plating were as follows:

Thickness (Inch) Joint Design

Less than 0.313 Square or grooved butt welded from
one side.

Greater than 0.313 Square or grooved butt welded from
both sides.

0.313 Welded from one side or two sides as
specified on the drawings.

Butt joints in stiffeners were welded from both sides regardless of the

thickness. All tee joints were double fillet joints except full pentra-

tion tee joints were made on two of the assemblies (TT802017-113 and

-115) which were used for fatigue test specimens. Welding procedures

were. developed for each joint design for the various thicknesses and

welding equipment used. The various procedures developed are listed

in Appendix B.
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3.3.2 WELDING EQUIPMENT -Semi-automatic, machine and auto-

matic Gas Metal Arc (GMA) pulsed arc welding equipment identical to or

similar to the equipment planned for welding 3KSES structures was used

for welding the btructural test assemblies. The basic welding equip-

mernt is described in detail in Appendices A thru E of Reference 2.

A brief description of each welding method, exclusive of power supplies,

follows below.

The automatic welding equipment consisted of a welding table with an

overhead beam and traveling carriage equipped with single or twin-arc

welding heads. Pneumatic operated plungers were incorporated to clamp

the workpiece to the table. Welding was performed using preset para-

meters under the observation of a welding operator. This equipment is

illustrated in Figure 3-1.

The machine welding equipment consisted of accessory units which clamped

the semiL-automatic GMA welding gun in a fixed position and automatically

controlled the gun attitude and the rate of travel. The weld parameters

were preset and each machine was operated under the constant observa-

tion and control of a welding operator. Two types of this equipment I
were used - a Pacer TMfor butt welds and a Wiggler TMfor fillet welds.

These units are illustrated in Figure 3-2.

Welding guns which, controlled the filler wire feed rate along with

associated controls and power supplies comprised the semi-automatic

welding equipment.

Because of improved chances for reproducibility and less dependence on

human factors, the welds in this program were made, wherever practica-

ble, with machine or automatic welding equipment. Semi-automatic

welding equipment was used only on short welds such as the butt joints

for the drop-in stiffener sections across the simulated hull erection

J joints, the attachment of the frames to the deck panels for the three-

day panel assemblies, and other areas which were inaccessible for the

PacerT or Wiggler~h
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(a) (760166-3) PacerM Butt Welding Accessory Unit

(b) (780451-9) '4iggler TMFillet Welding Accessory Unit in Operation

Figure 3-2. Butt and Fillet Welding Machines
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In addition to the above GMA welding processes, the Gas Tungsten Arc

Welding (GTAW) Manual process was used in applications such-as stiffener

wrap-arounds at frame penetrations, corner intersections of stiffeners

and other areas where deposition of small amounts of filler material

was required.

3.3.3 WELD JOINT FIT-UP AND FIXTURES - The plates for the

welded plate assemblies were machine welded using the Pacer TMaccessory

unit. The plates were positioned on a standard welding table, aligned

to meet the specific drawing requirements, and clamped securely with

dogs and strongbacks. Anodized aluminum backing bars or ceramic tile

backing tapes were used for joints made from one side only. For panels

with joints welded from both sides, the plates were fitted and clamped

in a similar manner; however, the backing material was not used. After

welding the first side, the assembly was turned over, the joint back-

gouged to clean metal with a grooving cutter, and the second side was

welded.

Plates comprising the larger assemblies were butt welded using the

automatic welding equipment. Single side (one pass) and two side

welded joints were made as described above. After the butt welds were

made, these plates were moved to the general purpose weld platens and

clamped down using dogs and strongbacks in preparation for installation

of the stiffeners. The stiffeners were clamped using positioning blocks

and fillet welded with the Wiggler TMaccessory unit. Stiffener butt

joints were made with semi-automatic welding equipment.

The welded assemblies for the fillet weld test specimens (TT802018)

were welded in a fixture which clamped the workpieces in the specified

orientation and accommodated the use of run-on and run-off tabs. These

joints were welded with the Wiggler TMaccessory unit.
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3.3.4 WELD CONTOUR -- Weld reinforcements on certain of the

assemblies required treatment to provide test specimens intended to

evaluate variations in weld contour. For the assemblies which required
reinforcement fairing or blending, the process was accomplished with a

small disc sander. In this operation the height of weld reinforcement

was not changed; only the contour was modified to remove discontinuities

and steps and to provide a smooth transition from weld edge to parent

metal. For most of the assemblies which required reinforcement removal,

a pneumatic shaving tool was used. This device milled the reinforce-

ment to a flat contour that was a maximum of 0.030 inch above the base

metal surface. On these assemblies, no special efforts were made to

blend the edge of the milled reinforcements to the parent metal. For

some of the earliest produced welded plate assemblies which required

reinforcement removal, a large disc sander was used to remove the

reinforcement completely flush to the base metal.

3.3.5 WELD INSPECTIONS - Visual and radiographic inspections

were performed on all welds and welded assemblies in accordance with

the procedures and acceptance standards planned for use on the 3KSES

except that 100 percent inspection was specified for all of the struc-

tural test assemblies. Discrepancy reports were prepared for all de-

tected conditions which were not in conformance to the applicable re-

quirements, and required corrective action was performed.

3.3.6 WELD REPAIRS - Two categories of weld repairs were per-

formed during fabrication of the structural test assemblies. In the

first category, repairs were required to restore defective welds to

acceptable conditions. In the second category, intentional repairs

were made to provide specimens with single or multiple repairs as

required by the assembly drawing. More realistic representation of

production conditions was provided in the latter category by the intro-

duction of actual defects as described in paragraph 3.3.7 below.
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All weld repairs were accomplished by gouging or rotary filing to

completely remove che defect and rewelding using the original weld pro-

cedure parameters. Where possible, run-on and run-off tabs were used

at the ends of the repaired area to prevent the introduction of weld

starts and stops in the middle of the joint.

3.3.7 POST-WELD PROCESSING -- In addition to the weld rein-

forcement contouring and shaving described above, post-weld processing

included peening of the welds on a prescribed number of assemblies to

provide specimens for evaluation of this process on weld fatigue

strength. Two methods of peening, air blast shot peening and rotary

brush peening, were initially employed on separate groups of plate

weldments for fatigue coupon specimens to determine the most effective

peening method.

"As welded" assemblies were shot peened to an Almen A intensit of .004

to .008 in accordance with MIL-S-13165B, Reference 10, using the con-

ventional air blast method with cast steel shot followed by No. 8 glass

beads. No blending or smoothing of the weld reinforcements on these

specimens was performed since the shot peening process was able to pro-

vide complete coverage of all reinforcement surfaces, crevices and

sharp corners.

Weldments on which brush peening was to be performed first required

rather extensive and time consuming blending and smoothing of the weld

reinforcements to permit full coverage of all surfaces by the rotating

peening wheel. Two brush peening methods were employed on the various
test assemblies. The first method used an 8 inch diameter, 1 inch wide

rotary brush consisting of steel shot bonded to flexible fabrous plastic

flaps, which in turn were mounted to a rigid shaft-mounted hub. This

brush was driven by a variable speed, high torque air motor at 3000 RPM,

which produced the specified peening intensity of .004 to .008 Almen A

under the load provided by 3/8 inch flap deflection. A photograph of

this wheel in the operation of peening a butt weld is shown in Figure 3.3.
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The Almen calibration strip holder and measurement gage are also illus-

trated in this figure. (An attempt to use a 12" diameter brush proved

unsuccessful because the available motor power was insufficient to pro-

vide the required speed and flap deflection.) The second brush peening

method was employed where limited access prohibited the use of the 8

inch diameter wheel. In those cases, a small flap assembly was used

which consisted of a polymeric flap with tungsten carbide shot bonded

to the working surfaces at each end. This flap was 9/16 inch wide by

1-1/4 inches in length and was retained at the. center by a 1/4 inch

diameter mandrel. This assembly was driven by a high speed air motor

with a maximum speed rating of 9000 RPM.

The initial shot and brush-peened assemblies were made into specimens

and tested in tension fatigue. The test results (described in detail

in Section 4) indicated the brush peening process provided fatigue

strength enhancement superior to that provided by the shot peening

method.

Peening of all specified stiffened panel assemblies for fatigue test

specimens was accomplished using the rotary brush and rotary flap

processes. The use of the small rotary flap was limited to those

areas, i.e., short fillets and fillet/butt weld intersections, where

accessibility prohibited the use of the 8 inch diameter brush. As

anticipated, acceptable peening with the small flap assembly required

considerably more time than with the rotary brush for an equivalent

area of coverage.

3.3.8 WELD IPERFECTIONS - Weld imperfections were introduced

into those test assemblies prepared for evaluation of the effect of

single and multiple weld repairs. Actual, rather than simulated, defects

were considered necessary in order to provide realistic repair and test

data. The use of specimens of opportunity, i.e., weld qualification

trial samples with actual defects, was considered for the required

plate weldments; however, past experience indicated this to be an
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unreliable source of test specimens. Specific defects introduced into

the test assemblies were excessive porosity, lack of fusion-, lack of

penetration and burn-through. Although the procedures used to intro-

duce these imperfections are not specifically relevant to this report,

they are of interest to aluminum welding technology and are described

below for record purposes.

3.3.8.1 Porosity - Entrapped hydrogen gas is the primary cause

of porosity in aluminum weldments. Aluminum in the molten state can

hold 19 times more hydrogen in solution than it can after solidifica-

tion. Consequently, on freezing, if the weld puddle contains hydrogen

gas, this gas is rejected from solution during solidification. It is

trapped in the weld because of the high solidication rate characteris-

tic of Gas Metal Arc Welding.

Various hydrogen bearing contaminants were used in preliminary efforts

to produce porosity as follows:

a. Wetting the weld surfaces with water.

b. Addition of hydrogen to the shielding gas.

c. Application of hydrated aluminum oxide to the weld surfaces.

d. Application of petroleum products to the weld surfaces.

Direct contamination of the shielding gas with water vapor was initially

considered but was rejected bacause of possible damage to the welding
equipment. Direct application of water to the weld surfaces was there-

fore attempted. This method failed because the water boiled off and

was blown away by the shielding gas before the aluminum melted. Sub-

sequent efforts involved the addition of small amounts of hydrogen to

the shielding gas. Mixtures containing 0.5% and 0.012% (minimum)

hydrogen by volume were used. The 0.52 mixture produced porosity con-

siderably in excess of requirements. The reduced mixture (.012%) re-

sulted in a weld reinforcement with noticeable peaks, and the porosity

appeared to be concentrated in the toe of the weld rather than in the

fit up area.
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The third method consisted of the application of hydrated aluminum

oxide to the weld surfaces. The hydrated aluminum oxide was prepared

by mixing solutions of aluminum nitrate and ammonium hydroxide and

vacuum filtering and water washing the resulting precipitate. The

final product, hydrated aluminum oxide, was applied directly to the Joint

and, when welded, produced porosity of a distributed "frothy" nature.

The porosity distribution in some cases was so fine that radiographs

appeared acceptable to the naked eye; however, a large amount of very

fine microporosity was distributed throughout the weld. The introduc-

tion of petroleum products to the weld surfaces proved to be a satis-

factory method of producing porosity. Kerosene, greast (Lubriplate),

and a hypoid gearbox lubricant (SAE90) were used. The grease and lubri-

cant were used on fillet and butt welds, respectively, and produced

porosity of a type considered acceptable for test requirements.

3.3.8.2 Lack of Pentration/Lack of Fushion - The drawing re-

quirements specifying lack of penetration or fushion imperfections to
be of very short length and regularly spaced precluded attempts to

achieve this defect by the normal mechanisms of imperfectionx. Varying

the joint fitup produced extremely long defects which were considered
to be unsatisfactory for testing. An attempt was made to vary the

welding parameters while making the butt welds, but there was no method

available that would reliably ensure short repeatable defects. Defects

acceptable for the test requirements were successfully produced in some
of the earlier welded test specimen assemblies by using a constant cur-

rent power supply and momentarily increasing the arc length at pre-

scribed weld travel intervals. This procedure was accomplished on the

automatic welding equipment with the use of a torch height interrupter.
The equipment used for this approach was not available for the later

produced assemblies. As a consequence, efforts were made to simulate
lack of penetration or fusion imperfections on these assemblies, but
these were subsequently proved invalid during testing.
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3.3.8.3 Burn-through -The need for a burn-through type of

defect in the fillet weld test program was initiated as a result of a

defect found during the SES100A conversion program. It occurred during

the semi-automatic welding of a stiffener to a bulkhead, when the

welder momentarily paused while making the fillet weld. The required

burn-through test specimens were produced with the use of the Wiggler T

a machine welder whose travel speed is controlled by its drive motor.

At the specified point during a fillet weld pass, the drive wheels were

momentarily lifted free of the work, thereby stopping its travel along

the joint, and burn-through was achieved.

3.3.9 STRAIGHTENING METHODS -- As a result of weld shrinkage,

almost all of the welded panels exhibited one form or another of distor-

tion. The fillet welded transverse cruciform and transverse tee plate

assemblies exhibited the least amounts of distortion and normally did

not require straightening. The plate butt welded assemblies exhibited

a moderate amount of bow which could be flattened with simple light

pressure. The stiffened panels exhibited moderate to severe defor-

mations after welding that could not be flattened by the application of

pressure. A method of straightening using weld metal deposites in "X"

shaped patterns was developed to restore these panels to drawing

tolerance dimensions. The most effective use of this method involved

clamping or otherwise restraining the panels in a flat position and,

working from the center outwards, depositing weld beads in an'T

shaped pattern to shrink the excess aluminum that was visible when the

panel was clamped flat. The effectiveness of this method is depicted

in Figures 3-4 and 3-5 which illustrate a typical assembly before and

after this straightening operation.

3.3.10 RIVETED DOUBLER INSTALLATIONS -- Doublers were installed

on designated stiffened panel assemblies for evaluation of this design

first, as a sole means of butt joining flatbar stiffeners, and second,

J as a means of improving the fatigue performance of repair welded butt

joints. Blind rivets (Ruck type oSiR-10) were used to install the
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Figure 3-4. (780451-6) Typical As-Welded Distortion of
Stiffened Panel Assembly.
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doublers on the stiffener unwelded butt joints and on the repaired butt

joint welds. This type of rivet was selected primarily for its relative

ease of installation in a potential shipboard repair application and

its hole-filling ability. A pneumatic rivet puller was used to install

the blink rivets in match drilled and reamed holes. Prior to installa-

tion of doublers over the repair welded butt joints, the reinforcements

were ground flush to provide intimate contact of the faying surfaces.

3.3.11 BONDED DOUBLER INSTALLATIONS -- Bonded doublers were in-
stalled on the designated stiffened pamel assemblies using the cleaning

and bonding procedures contained in Appendix B. These procedures were

designed to provide a method suitable for use as an in-service repair
by operating personnel. The detailed procedures in Appendix B were

written for two adhesive systems, Hysol types EA9309.1 and EA9314, to

acquire comparative data. The EA9309.1 adhesive was very "slick".

Both adhesives were judged relatively easy to use, and both performed

well during testing.

3.4 DISCREPANCIES AND DEVIATIONS

In the production of the various asseblies and test panels, a number

of unplanned discrepancies were inevitably introduced beyond the inten-

tionally produced imperfections. Where such unplanned discrepancies

were located outside the area of the actual test coupons or specimens,

they were identified as such and accepted for use. In some cases

where the repair of a weld discrepancy could result in an unacceptable
test assembly, the panel was cut apart at the joint and rewelded to the

drawing requirements,

Various designated stiffened panel assemblies for structural testing

required peening of welds in specific areas. In the performance of

this operation, welds in other areas were inadvertently peened. The

F fabrication of replacement assemblies with the specified peen/lack of

peen areas would have adversely affected the program schedule and cost.

Therefore, a method was developed to remove the effects of the unwanted

peening.
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A literature search and discussions with knowledgeable personnel failed

to disclose any appropriate method, process, or technique that would

remove the effect of peening without compromising the integrity of the

weld. Grinding the surface would result in an unacceptable reduction

of weld material and excessive removal of parent material. Deposition

of additional weld metal would excessively reinforce the joint. There-

fore, a thermal technique was selected to "unpeen" the erroneously

peened weld areas. This was accomplished with Gax Tungsten Arc Welding

Alternating Current equipment using a low setting in a "wash pass"

mode (with no filler wire) on the discrepant welds. The arc was very

carefully moved along the affected areas with close observations of the

heated zone. Since aluminum exhibits no color change when heated to

its melting point, and temperature indicating markings would contamin-

ate the weld areas, visual observation of the peened area was employed

4 to stop heating just as the weld surface became molten and shiny. This

effectively annealed and relieved the compressive stresses on the sur-

face of the peened joint areas.

A coimmon occurrence on welds made from one side against removable back-

ing was rollover of the root reinforcement of the toe resulting in

re-entrant toe angles. This effect was caused by a combination of

chilling of the weld bead, insufficient shielding gas, and incomplete

"wtting" of the parent metal by the weld head. Normally this condition

was detected by the welder and/or the inspector, andthe discrepant

condition removed by the use of sanding discs. However, several

stiffened panels with toe re-entrant angles on the root reinforcements

were inadvertently accepted for use as specimens which adversely

affected the fatigue test. results as described in Section 5 of this

report.

Cognizant production and inspection personnel were advised whenever

significant, but previously undetected, discrepancies were pinpointed

during the course of testing. In this manner, recognition and evalua-

tion of the need for possible corrective action to minimize future
occurrences during UKSES production were initiated.] B-37



4 /WELDED PLATE COUPON TESTS

4.1 GENERAL

Testing of simple welded sheet and plate specimens containing various

configurations of transverse butt and fillet welds constituted the ini-

tial phase of panel tests under the Panel and Element Structural Test

Program. These tests were conducted in accordance with Test Plan

TPPOOO16A, Reference 1, except for minor deviations explained herein.

Based on economic considerations, the welded plate coupon tests served

as the principal means of evaluating basic fabrication and geometric

parameters. As such, coupons were fabricated and tested to evaluate

butt welds made from one side and from both sides; vith the weld rein-

forcement intact, removed, or blended; with the joints offset mismatched

or angularly misaligned; with various equal and differential material

thicknesses; withL shot peening and rotary brush peening; with deli-

berate weld imperfections; and with weld repairs. Fillet weld para-

meters evaluated included joint configuration, material thickness,

reinforcement contour, penetration depth, weld repairs and brush

peening.

All of the individual welded plate coupon speciments were sections as

j replicates from larger plate assemblies specially fabricated for the

purpose. All of the larger panels were subjected to visual and radio-
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graph inspections and, except for the specified deviations, were attested

by Quality Assurance to be in conformance with proposed 3KSES acceptance

standards for production welds, dimensional tolerances and fairness

standards.

Altogether a total of 266 butt welded plate specimens and 55 fillet

welded plate specimens were tested in this phase of the Panel and

Element Structural Test Program. Testing encompassed static tension,

tensile fatigue and bending fatigue as described in detail below.

4.2 SPECIMEN DESCRIPTION

4.2.1 BUTT WELD SPECIMENS -- The basic test specimen configu-

rations employed for the butt welded plate coupon static tension,

tensile fatigue and bending fatigue tests are illustrated in Figure 4-1.

Most of the static tensile test specimens were made to eh 2-inch gage

length configuration per Figure 4-1(a), with the remainder made to the

10-inch gage length configuration per Figure 4-1(b). The 2-inch gage

length configuration conformed to the requirements of FED-STD-151a,
Type F1 (Reference 11) and MIL-STD-418C (Reference 12) except for those

specimens with retained weld reinforcement. The 10-inch gage length

specimens provided data directly correlatable to existing H-5 Test Pro-

gram and Aluminum Association 10-inch gage length strength data.

Although MIL-STD-418C requires that the weld reinforcement be removed

blush with the surface of the specimen, the specimens in this program

were tested both with reinforcement-removed and reinforcement-intact

weld geometries. This approach was in keeping with the validation of

production joints and not qualification of the welds.

The basic configuration for the axial fatigue specimens as shown in

Figure 4-lCcl, was in conformance with the requirements of ASTM-E466
(Reference 13) for specimens with tangentially blending radii between a

uniform width test section and the ends except that the radii were

reduced to 6-inches to facilitate machining. The effect of the smaller

radii was negligible on these welded uniform test section specimens.
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Bending fatigue specimens were designed for testing as a simple beam

with symmetrical two point loading producing a uniform bending moment

between the load points. Since no recognized standard existed to

define the basic geometry of this type of specimen, the geomtry shown

in Figure 4-l(d) was selected to achieve the desired stress level with-

in the capability of standard fatigue test machines and setups.

Descriptions of the various joint parameters and the combinations incor-

porated in each butt weld static and fatigue test specimen are contained

in Tables 4-1 through 4-3.

Photographs of typical specimen profiles fabricated with intentional

joint offset mismatch and joint angular misalignment are shown in

Figures 4-2 and 4-3.

4.2.2 BUTT WELD IMPERFECTION SPECIMENS -- A special group of

axial tension static and fatigue specimens, as described in Table 4-4,

were fabricated from weld assemblies with weld imperfections purposely

incorporated. Specimen coupons were located, as shown typically in

Figure 4-4, based on assembly radiographs. Detail views of the welds

on typical specimens contain excessive porosity are shown in Figure 4-5.

As noted in Section 3 of this report, extreme difficulties were encoun-

tered in producing weld assemblies of the required porosity densities

and lack of fusion/penetration levels. Consequently, it was necessary

to deviate from the Reference 1 test plan by redistributing porosity

specimen quantities based on obtainable densities, and reducing the

scope and quantities of the lack of fusion/penetration specimens. The

porosity levels and corresponding specimen quanties shown in Table 4-4

reflect the obtained porosity density distributions and original test

plan objectives. However, all of the lack of fushion/penetration

levels shown in Table 4-4 exceed the limits of the original test plan

objectives.
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Figure 4-2. C78-608-4) Weld Joint Geometries for Angular Misalign-
ment (above) and Offset Mismatch (below) with Weld
Reinforcements Removed.
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L to R:

0 16-4 7 -

016-25--2

016-123-2

016-127 -2

(a) (78-608-1)

L to R: 016-9-4X

016-9-1

016-27-1

Figure 4-3. Typical Variations in W~eld Joint Geometries for
Specimens with Offset Mismatch.
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*Figure 4-5. Typical Joint Surfaces on Excess Porosity Weld,
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a) Transverse Cruciform Static Tensile Test Coupon

16.0""

b) Transverse Cruciform Axial Fatigue Test Coupon

Tet

6.0"-.2 /6-R

16.0"

c) Transverse Tee Axial Fatigue Test Coupon

Figure 4-6. Fillet Welded Plate Test Specimen Configurations.
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(a) (780489-4) Transverse Cruciform Assemblies

IV.

(bI C780489-6) Transverse Tee Assemblies

Figure 4-7. Typical Fillet Welded Plate Fabrication Assemblies
with. Test Specimen Locations
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4.2.3 FILLET WELD SPECIMENS -- The basic test specimen configu-

rations employed for the fillet welded plate static tension- and tensile

fatigue tests included both transverse cruciform and transverse tee

joints as shown in Figure 4-6. These specimens were in compliance, to

the extent practicable, with the standards described above in

Paragraph 4.2.1 for the butt weld specimens. All of the fillet weld

test specimens were cut as replicates from larger welded plate fabri-

cation assemblies as shown in Figure 4-7.

Descriptions of the various joint parameters and combinations incorpo-

rated in each fillet weld specimen are summarized in Table 4-5.

4.3 SPECIMEN PREPARATION

4.3.1 BUTT WELD SPECIMENS - All of the butt weld specimens

were rough cut from larger assemblies and trimmed by edge milling to

the final required configuration. Test grip holes were then located

and drilled. The edges of all fatigue test specimens were hand polished
to remove any scratches or nicks; the plate and weld reinforcement sur-

faces were left In the as-received condition. Strain gages were in-
fstalled on selected static and fatigue test specimens as described in

Paragraph 4. 5 below.

Prior to test, all specimens were accurately measured to determine

actual test section dimensions as indicated in Figure 4-8. The recorded

dimnsins oreach specimen are tabulated in Appendix B. Appropriate
gage length marks were scribed on the static test specimens for use in

determining percentage elongation data.

4.3.2 BUTT WELD IMPERFECTION SPECIMENS - All specimens con-

taining excessive porosity were re-radiographed, after being cut from

the larger fabrication assemblies, to determine specific porosity den-

sities. Most of the later test specimens were also photographed to

document the weld reinforcement surface condition. Remaining specimen
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preparation was essentially the same as described above for the butt

weld specimens.

4.3.3 FILLET WELD SPECIMENS -- Specimen preparation for the

fillet weld transverse cruciform and tee specimens was essentially the

same as described above in Paragraph 4.3.1 for the butt weld specimens.

4.4 TEST SETUPS AND FIXTURES

4.4.1 STATIC TENSION TESTS - The setup employed for all of

the welded plate coupon static tensile tests, except the first speci-

ment, consisted of a 300,000 pound capacity Tinius-Olsen Universal Test

Machine meeting all applicable ASTM (American Society for Testing and

Materials) standards. This machine was equipped with standard serrated

wedge grips and provided a test section 28 inches in width with a

height variable up to 72 inches. An integral autographic recorder pro-

vided applied load versus strain curves when connected to a 2-inch or

10-inch gage length extensometer mounted on the test specimen. Accuracy

of the Tinius-Olsen Test Machine was within + one percent of full

scale as established by calibration conforming to MIL-C-45662A

CReference 14) and traceable to the National Bureau of Standards.

Since the butt weld and fillet weld static tension test specimens were

basically flat plate tensile tests per FED-STD-151a (Reference 11),

the ends of the specimens were simply clamped in the serrated grips.

Attachment and connection of the appropriate gage length extensometer(s)

completed the setup. A typical welded plate coupon static tensile test

setup is illustrated in Figure 4-9.

On those butt weld specimens configured with a 10-inch gage length,

both 10-inch and 2-inch gage length extensometers were clamped in

place, centered on the weld to obtain directly comparable data. Detail

views of a typical dual extensometer installation are shown in

Figure 4-10.
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W3 W2

Transverse Butt Joint Specimen

tt

Transverse Tee Joint Specimen

t 3

Transverse Cruciform Joint Sgecimen

Figure 4-8. Welded Plate Specimen Pretest Measurement Locations.
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The initial static tensile test coupon specimen (Serial No. 016-53-1)

was setup and tested in a 50,000 pound capacity Instron Model TTK-50

Universal Testing Machine meeting all applicable ASTM Standards. The

Instron Test Machine provided a test section 28 inches in width with a

height variable up to 48 inches. This machine incorporated an integral

servo-controlled recorder to provide load indication and load versus
displacement curves. Rate of load application could be varied from

0.0005 up to 10-inches per minute of head travel. The Instron Test

Machine utilized two load cells to indicate the applied loading - an

integral 50,000 pound capacity load cell and an insertable 1,000 pound

capacity load cell which was utilized for low load levels. Combined

accuracy of the applicable load cell, selected chart gain setting, and

chart recorder display was + one percent of full scale on the chart as

established by calibration conforming to MIL-C-45662A and traceable to

the National Bureau of Standards.

Problems were encountered with the Instron pin-loading specimen grips

during testing of the initial welded plate static tensile coupon. As

a result, the Tinius-Olsen Test Machine was utilized for the remainder

of the planned test program.

4.4.2 TENSILE FATIGUE TESTS - The setup for the welded plate

coupon tensile fatigue tests consisted of a 15,000 pound capacity

Krouse Standard Fatigue Machine which operated at 1000 cycles per min-

ute. Since the test specimens were flat plates, standard bolted

clamping grips were utilized. The required fatigue test loads were

setup and maintained using the Krouse eccentrically offset calibrated

load arm displacement and hydraulic load control cylinder. The test

setup is shown in Figure 4-11.

4.4.3 BENDING FATIGUE TESTS - The setup for these tests con-

sisted of a 2000 pound capacity Baldwin - Sonntag Standard Fatigue

Machine (which operated at 1800 cycles per minute) utilized in con-

junction with standard fixturing to provide simple supports at the
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at the specimen ends and loading at the specimen quarter-span points

as depicted in Figure 4-12. This fixturing, which incorporated trans-

verse rollers at the support and load points, produced a uniform bend-

ing moment in the specimen area of investigation. The test loading was

applied in an upward direction producing tensile stresses on the

specimen upper surface to facilitate unrestricted observations of the

failure initiation area.

4.5 INSTRUMENTATION AND DATA ACQUISITION EQUIPMENT

Selected mismatched and misaligned static tension specimens were strain

gaged as indicated in Figure 4-13 to verify the effect of local bending

on nominal strain. Strain gages were installed on the following speci-

mens: TT802016-25-1, TT802016-27-2, TT802016-33-2, TT802016-123-1, and

TT802016-127-1. In addition, one bending fatigue specimen (TT802020-9-1)

was strain-gaged to verify test section stresses.

Strain gages on the static tensile specimens were read directly from a

Budd Strain Indicator. The specimen extensometer reading was simul-

taneously autographically recorded on the Tinius-Olsen machine. When

two extensometers were utilized on a single specimen, the second

extensometer was connected to the recorder on the Instron Test Machine;

values of the applied load were manually marked on the Instron chart.

Individual Instrumentation items utilized during testing are listed

below:

ITEM MANUFACTURER DESCRIPTIONS

Strain Gage Micro-Measurements EA-13-205BG-120
Incorporated Static Range: + 5000 microstrain

Strain Gage Budd Budd Strain Indicator
Read-Out Model P-350

2-inch Ex- Tinius-Olsen Model 2-AB
tensometer

10-inch Ex- Tinius-Olsen Model S-1
tensometer
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(a) (790844-3) Overall View of Setup

(b) (790844-4) Extensometer Installation Detail

Figure 4-9. Coupon Static Tension Test Setup in Tinius-Olsen
Test Machine.
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Figure 4-12. Fixturing Setup for Welded Plate Bending Fatigue Tests.
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The Test Laboratory's Instrumentation Groupwas responsible for the

implementation, checkout and calibration of all equipment used in the

generation of loads and the acquisition of all data during this program.

All of the instrumentation was subject to the laboratory's quality

assurance provisions instituted to preserve data precisions and

accuracy including National Bureau of Standards traceability. All of

the instrumentation equipment and the test machines displayed current

calibration certification tags. Certain items required scheduled re-

calibration during the course of testing, and this task was performed

prior to the expiration data of the affixed calibration tag. No

significant changes in calibration were detected in any item. The

calibration systems conformed to MIL-C-45662A.

4.6 TEST PROCEDURES

4.6.1 STATIC TENSION TESTS - The welded plate static axial

tensile tests were performed in accordance with FED-STD-151a, Method
211.1 (Reference 11) except for gage length variations as indicated in

Paragraph 4.2.1 above.

Pre-test specimen preparations and measurements were performed as de-

scribed in Paragraph 4.2.2. The extensometer(s) for yield determination,

and when applicable, strain gages to define local strain distribution

were connected to appropriate read-out instrumentation after the soeci-

men was installed in the test fixture.

Results obtained consisted of yield and ultimate strength, elongation

and failure mode. Yield stress, based on the 0.2 percent strain offset

definition over the applicable gage length, was determined from the

extensometer autographic plot(s). Visual examination of all specimen

fracture surfaces was performed to document origins of failures, abnor-

malities, etc. Photographs were taken to illustrate typical failures.
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4.6.2 TENSILE FATIGUE TESTS -The welded plate tensile fatigue

tests were performed in accordance with ASTM-E466 (Reference 13). Pre-

test specimen preparations and measurements were performed as described

in Paragraph 4.2.2 above, and the specimen was installed in the test

fixture. All tests were of constant load amplitude at a stress ratio

of R - 0.1. Load magnitudes were individually selected with the intent

of precipitating specimen failure'between 100,000 and 1,000,000

("run-out") cycles. In an effort to complete the data base, specimens

which were removed from testing after sustaining 1,000,000 cycles were

subsequently retested at a stress level at least 25 percent higher than

that for the original run-out test in order to minimize the effect of

any previous fatigue damage.

Visual examination of all fatigue specimen fracture surfaces was per-

formed to determine mode of failure and any abnormalities. Photographs

were taken to illustrate significant or typical characteristics.

4.6.3 BENDING FATIGUE TESTS - Bending fatigue test specimens

were prepared and measured as described above in Paragraph 4.2.2. Each

specimen was installed in the test fixture and loaded as a simply sup-

ported beam with a uniform moment across the test section as shown in
Figure 4-12. Procedures for load determination, repeat testing of

rum-out specimens and failure mode review were as described above for

the tensile fatigue tests.

4.7 TEST RESULTS

Tensile static and fatigue test results for butt and fillet welded

plate coupon specimens are summarized below. Additional detailed data

recorded during these tests are included in Appendix C for reference.

4.7.1 BUTT WELDED SPECINENS - Axial static tension, axial

fatigue, and bending fatigue test results for butt weld plate coupon

specimens are presented below.
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4.7.1.1 Static Tensile Results -- Static tension data for the

butt welded plate specimens is tabulated in Table 4-6 and graphically

depicted in Figure 4-14. Results from the specimens containing inten-

tional weld imperfections, i.e., excessive porosity and lack of fushion/

lack of penetration indications, are included in these data summaries.

Copies of the laboratory data sheets covering all of the static tensile

test plate specimens are included in Section 1.2 of Appendix C.

For all fillet welded specimens and most of the butt welded specimen

types, measured static tensile strengths exceeded the 3KSES design

allowables or published minimum values, as applicable. (For reference,

3KSES design strength values for butt welded joints were 40 ksi ulti-

mate tensile strength and 26 ski tensile yield strength based on a

10-inch gage length; from Reference 15, published minimum yield strength

for a 2-inch gage length is 20 ksi.). Specimens failing to meet minimum

requirements included three specimens with offset mismatch at the butt

joint which were deficient in yield strength (2-inch gage length) with

measured values as low as 17.8 kwi. A total of seven specimens with

offset mismatch failed to reach the required ultimate tensile strength

level; measured strengths ranged from 32.4 to 39.8 ksi. Also, all of the

butt joint specimens containing porosity levels exceeding 7.5 percent

and all but two of the specimens containing deliberate lack of penetra-

tion/lack of fushion imperfections fell below the required ultimate

strength; measured values ranged from 31.9 to 38.1 ksi.

From a review of the test data, several general trends were evident re-

garding the influence of specific weld conditions on the achieved static

strength performance of simple butt welded joints. These trends in-

cluded the following:

a. Weld Type: Butt welds made from both sides demonstrated

substantial strength improvement over welds made from one

side. This strength improvement was also apparent for welds

made from both sides which contained low porosity levels (be

(below 5 percent).

B-65



' II

,- . ; : ......

!4t.

. . .. . .

C; as s a~**

> - W 33 I

E-6

n leR n ..... ..... ...

E Va mo-Q-
-l I - R

In I M I II-$,---1- 1111

co Tn- .- 2 ~ n 2

. . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . .. .

I~~~ ~~ __ _ _ _ _ __ _ _

B-6



cc
U-01
I _ _ _ __ _ _ __ _ _ _ _

-44
034~

Q) ~

- 4

4 u4

t) Z____

10w . .~ ...

zI

4-

- .. i * * B-67I



4 - ES - ' - 0 < - - -

__3 f

TT --- '-~

131 T:41

-1- I--nI

I 44 6,A

-- 7:-

00 0

cu

at to

___- 106-- *-'-- 7 <-I

I S9HS__NKN:

B-68



7 AD-A la?7 437 ROeR MARINE INC NATIONAL C ITY CA 
F/ 1 3/10

SUFC FETSI TUTRLPOUIIIY ATIMAY Al N0IIZA 7? C 2023

UNCLASSIFIED N



I~~lll~ i0 ! Il 1.

IIII21.1111--2 BII ll..i. .

MICROCOPY RESOLUTION TEST CHART

NATIONAl BUII IJ 1,1 '- T 1 ,



b. Weld Geometry and Repairs: A comparison of mismatched, mis-

aligned and repaired specimen strengths is provided in

Table 4-7. As indicated, mismatched joint welds imposed

the greatest of the three strength reductions. Typical

mismatched specimen strain gage readings showing the effects

of the local bending induced by the eccentric joints is shown

in Figure 4-15. (Complete tabulations of the recorded strain

data from all strain gaged specimens with offset mismatch or

angular misalignment at the butt weld joint are included in

Section 1.3 of Appendix C.)

c. Post-Weld Processing: Removal of the butt weld reinforce-

ment generally reduced baseline strength levels except for

specimens joining 0.190 to 0.313 inch thick material where

a slight improvement was obtained. Yield and ultimate

strength reductions were attributed to the reduced area of

the failure shear plane through the weaker weld metal zone.

The reduced strength condition was also observed for the weld

imperfection lack of fushion/penetration and porosity speci-

mens as illustrated in Figures 4-16 and 4-17, respectively.

The remaining weld reinformcement height after the removal

process was generally greater than 0.01 inch and measurements

up to 0.05 inch were encountered, although the maximum

specified weld reinforcement height after removal was 0.03

inch. As a result of this condition, the distinction between
"reinforcement removed" and "reinforcement intact" was

negated in some cases.

d. Weld Imperfections: The effects of lack of fushion/penetra-

tion and excessive porosity on static strength are shown in

Figures 4-16 and 4-17, respectively. Lower levels of weld

imperfections did not degrade baseline strength. This fact

was evident when visual examination of the specimen fracture

faces reveaded the absence of imperfections as noted in the

above figures.
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(1): Failure through weld toe
(2): Failure through Lack of fusion/penetration
(3) : Nominal strength of .313" thick baseline specimens (RR)

SUltimate strength 0a Yield strength (2" gage length)
RR: Reinforcement Removed

Figure 4-16. Static Tensile Strength Results for Butt Welded PlateI Specimens with Lack of Fusion/Penetration Imperfections.
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Difficulty in controlling weld imperfection levels causedI
* some specimens to contain excessive porosity content or

severe surface conditions significantly beyond the intended

region of investigation. These specimens were tested but

excluded from analysis.

The typical static tensile failure originated from the weld

reinforcement toe into the fusion zone or from the weld toe

into parent metal. In those cases where the reinforcement

removal was flush with the parent metal, the failure mode

was through the weld heat affected zone. Typical welded

plate coupon static tensile failure modes are shown in

Figure 4-18 and 4-19.

4.7.1.2 Tensile Fatigue Results - But welded coupon tensile

fatigue results are presented in Figure 4-20(a) through (r). Individual

test data points was well as an S-N (Maximum Stress vs No. of Cycles to

Fractute) envelope are shown for each specimen type. Copies of the

laboratory data sheets listing all of the welded plate coupon fatigue

test specimens are included in Section 2.2 of Appendix C.

The S-N envelopes in Figures 4-20(a) through Cr) were defined by theo-

retically derived S-N curves drawn through the lowest and the highest

data points for each specimen type. Each such derived curve represented

the theoretical fatigue behavior of specimens with a specific Neuber

stress concentration factor. The baseline specimen fatigue test data,

as a whole, correlated reasonably wall with theme calculated curve pro-

files based on a material static ultimate strength of 48 ksi, yield
strength of 26 ski, and a 17 percent static reduction of area, for

stress concentrations between 1.5 and 4.0.

Tensile fatigue strength comparisons at 500,000 cycles, as presented in

Table 4-7A and Figure 4-21, were determined using the envelope boundary

curve intercepts. In some cases, extrapolation beyond the data group

life limits was necessary.
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1 2 1 8 9 10 11
(a) (790118-31 Top to bottom: Cruiform, Butt Weld LOPImpefecion But Wed CR),Butt Weld (J4U).

(1 b) (790118-2) Top to bottom: Cruciform, Butt Weld Dual
Thickness (RI), Butt Weld Porosity Imperfection (RR).

4 Figure 4-18. Typical Butt and Fillet Weld Coupon Specimen
Static Tensile Test Failures
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Figure 4-20. Butt Welded Plate Coupon Axial Tension Fatigue
Test Results. (Sheet 1 of 9)
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Figure 4-20. Butt Welded Plate Coupon Axial Tension Fatigue
Test Results. (Sheet 5 of 9)
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Test specimen weld imperfection grades as defined on the various curves,
were based upon the original :1st plan objectives and actual specimen

imperfection levels. The strengh comparison figures have these imper-

fection classifications included for reference.

Review of the butt welded plate specimen test data indicates fatigue

strengh to be dependent on specimen thickness, weld type, weld joint

geometry, post weld processing and weld imperfections. Using the data

lower boundaries and scatter as evaluation criteria, fatigue strength

variations can be summarized as follows:

a. Thickness: Optimum baseline weld fatigue strength was demon-

strated by 0.313 inch thick specimens compared to 0.160 and

0.75 (two-sided multipass weld) thicknesses.

b. Weld Type: Butt welds made from both sides indicated signi-

ficant strength improvement compared to welds made from one

aide for 0.313 inch thick specimens.

c. Weld Repairs: Single and multiply repaired welds demonstrated

fatigue strengths comparable to baseline specimens without

repair with one exception. That exception was one of the

multiply repaired specimens (S/N TT802019-51, No. 2) which

contained a substantial lack of fushion zone in the fracture

interface as shown in Figure 4-22. Because of the presence

of this defect which had not been detected during previous

inspections, including radiography, data from specimen S/N

TT802019-51, No. 2 was omitted from the data base.

d. Weld Joint Geometry: Joints butt welded with offset mismatch

or angular misalignment demonstrated fatigue performance

which was degraded from baseline strength. The effect of

joint offset mismatch on fAtigue strength relative to speci-

men thickness is shown in Figure 4-23.

a. Post-Weld Processing: Weld reinforcement removal, fairing,

flap peening (with fairing) and reinforcement removal with
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flap peening all demonstrated increased fatigue strength

compared to baseline. The aznximum strength increase was
obtained from reinforcement removal with flap peen processing.

Shot peening produced large strengh variations and consequently

reduced lover boundary limits below baseline data for two of

the four specimen types.

Reinforcement removal produced a marginal strength improve-

ment for butt welds containing significant porosity.

f. Weld Imperfections: The effects of porosity and lack of

fushion/penetration on butt weld specimen fatigue strengths

are shown graphically in Figures 4-24 through 4-26. Failure-

modes and features are indicated on these figures in view of

the prevalent mode trends as discussed below. Several speci-

mens containing porosity imperfections could not be validly

quantified due to excessive surface porosity and cracks, and

these specimens were excluded from the results presented.

Two types of failure modes became apparent during testing of

the specimens with porosity conditional on the state of the

weld reinforcement. Wtih the reinforcement removed, the

failure mode was porosity-induced with porosity evident at

the origin. and on the fracture surfaces. Specimens with the

reinforcement intact failed predominantly through the weld

toe with little or no evidence of porosity on the fracture

surfaces even at porosity levels as high as 11.5 percent.

These toe failure specimens exhibited marginally lower

strength than the specimens with the weld reinforcement

removed. This trend was more pronounced for the 0.375 inch

thick specimens. These different failure modes were attri-

buted to the porosity-reduced cross-sectional area in those

cases where the weld reinforcement was removed, and a higher

stress concentration factor existing at the toe of the weld

than through the porosity when the weld reinforcement was

Intact.
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Table 4-7A. Statistical Comparisons of Butt Welded Plate Specimen Tensile
Fatigue Strength.
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Figure 4-23. Effect of Joint Mismatch on Butt Welded Plate Specimen Tensile
Fatigue Strength (for 500,000 Cycle Endurance).
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(1) Failure through weld toe
(2): Failure through lack of fusion/penetration

: Reinforcement intact (TT802019-417) .190 - . 190 inch thick
E: Renforcement removed (-T'802019-405, 407).190 - .190 inch thick
: Reinforcement removed without LOF/P (TT80219-65).160 - .160 inch thick
: Baseline specimens (TT802019-1).160 - .160 inch thick

R- : Run-out (no failure)

Figure 4-26. Effect of Lack of Fusion/Penetration Imperfections
on Butt Weld Specimen Fatigue Strength (for
500,000 Cycle Endurance).
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Test results for the lack of fushion/penetration (LOF/P)

specimens indicate failure through the LOF/P to be prevalent

at levels above 0.10 inch length. There was insufficient

data to establish any strength differences between specimens 1
with the reinforcement removed and those with the reinforcement

intact. Specimens with 0.05 and 0.07 inch length LOF/P indi-

cations which failed through the weld toe were declared in-

valid when post-test examinations revealed the imperfections

had been mechanically simulated by surface scribing; no

actual LOF/P was evident.

Typical axial tension fatigue failure modes are shown in Figure 4-27

for rotary flapper peened and lack of fushion/penetration butt weld

specimens as well as tee fillet and cruciform fillet weld specimens.

Fatigue fracture surfaces of selected butt weld specimens are shown

in Figure 4-28.

4.7.1.3 Bending Fatigue Results - Butt welded plate coupon

bending fatigue tests results are presented as S-N envelopes in

Figure 4-29. Bending fatigue strength comparisons based upon 500,000

cycle endurance, as presented in Table 4-8 and Figure 4-30, were

determined using the S-N envelope boundary intercepts. In some cases,

extrapolation beyond the data group was necessary.

The bending fatigue strength test results are only comparatively evalu-

ated below due to the possibility of strain hardening effects on some

specimens. This condition existed since bending fatigue stress levels

w exceeded the published minimum, and in some cases, typical yield

strength values were applied when necessary to precipitate failure

within the one million cycle testing duration limit.
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Figure 4-28. Typical Butt Weld Axial Fatigue Specimen Fracture
Surfaces
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Figure 4-30. Summuary of Butt Welded Plate Specimen Bending Fatigue

Strengths _.Test Data Bands at 500,000 Cycles Endurance.
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Separate groups of bending fatigue specimens were tested with the weld

crown (side from which weld was made) in tension and the weld root in

tension. Results from the crown-in-tension tests on welds made single

pass from one side indicated the following: higher strength than

root-in-tension; equivalent strength to welded from both sides; and

substantial strength improvement with shot peening.

The bending fatigue results from specimens tested with the weld root-

in-tension indicated that the baseline strength was improved by all

post-weld processes which included weld reinforcement removal, shot

peening, rotary flapper peening, and reinforcement removal with flapper

peening. Equivalent root-in-tension strength was demonstrated between

single repair reinforcement-removed with flap peening and unrepaired

reinforcement-removed with flap peening.

The sole failure mode for the bending fatigue specimens with the root

reinforcement intact was at the weld toe with multiple origins as shown

in Figure 4-31. Toe failures were also encountered in all but two of

the reinforcement-removed specimens where the remaining reinforcement

height was typically between 0.010 and 0.025 inch. In one of the two

exceptions, failure occurred through the parent material heat affected

zone. In the second case, failure initiated through a surface gouge

in the parent material approximately one-half inch from the weld toe.

4.7.2 FILLET WELDED SPECIMENS

4.7.2.1 Static Tensile Results - Fillet welded transverse cruci-

form specimen static tension test results are tabulated in Table 4-9 in

terms of ultimate load per unit length of double fillet weld. This

unit strength as a function of fillet size is plotted in Figure 4-32

and La comparable vith typical American Welding Society results as

abotin.
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Figure 4-32. Correlation of Fillet Weld Transverse Shear Ultimate
Strength Test Results with Published Data.
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The static failure mode was transverse shear fracture through both

fillets as shown previously in Figure 4-18.

4.7.2.2 Tensile Fatigue Results - Axial tensile fatigue test

results from the fillet welded transverse cruciform and transverse tee

specimens are presented in Figures 4-33 and 4-34, respectively. Indi-

vidual test data points as well as an S-N envelope are shown for each

specimen type. Parent metal maximum nominal stress, rather than

fillet strength, was selected as the independent variable for the S-N

curves since the predominant fatigue failure mode was through the heat

affected zone of the parent material. The S-N envelopes in Figures 4-33

and 4-34 were defined by theoretically derived S-N curves as explained

for the butt weld fatigue results in Section 4.7.1.2 above.

Tensile fatigue strength comparisons at 500,000 cycle ~endurance, as

presented in Table 4-10 and Figure 4-35, were determined using the S-N

envelope boundary curve intercepts. In some cases, extrapolation

- I beyond the data group life limits was necessary.

Transverse cruciLform fillet weld specimen fatigue strength was found to

be affected by the following factors:

a. Thickness: The thinner (0.160 inch thick) specimens demon-

strated higher fatigue strength than the 0.281 inch thick

specimens, which was especially evident for convex weld

reinforcement contours.* This apparently was due to the

relatively greater weld root penetration on the thinner

specimens as indicated from examination of the fracture

surf aces. Also, when the depth of root penetration was

not a factor, i.e., the full penetration welded specimens,

fatigue strength. of the 0.281 inch thick specimens was higher.
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Figure 4-35. Summary of Transverse Fillet Welded Plate Specimen Axial
Fatigue Strengths - Test Data Bands at 500,000 Cycles
Endurance.

'I B- 113



PM'

P4-

C44
t4 C

.10

'4

E- 0.

U 40

E4
o4%.'

LM

ic

B-114

Li-~--



b. Weld Type: Fillet welds with convex reinforcement contours

had equivalent strength to concave contoured welds for the

0.160 inch thick material but lower strength for the 0.281

inch thickness. Convex contour full penetration welds pro-

duced significantly higher strengths than convex contour

fillet welds with minimal weld root penetration.

c. Weld Reppirs: Repairs to the fillet welds on the 0.281

inch thick specimens did not adversely affect the evelope

lower boundary strength for convex contour welds. Weld

repair data was not obtained for concave contour welds.

- Id. Post Weld Processing: Flap peening on repaired convex con-

tour welds did not improve fatigue strength.

The two transverse cruciform fatigue failure modes observed during test-

ing were failures through the fillets with origins at the weld roots,

and failures through the heat affected zone of the axially loaded

parent metal with origins at the fillet toe. The type of mode for each

specimen appeared random in occurence with the exception of the six

full penetration specimens. Five of these specimens exhibited the fail-

ure, mode through the parent metal. Typical fillet weld cruciform

specimen fatigue failure fracture surfaces are illustrated in Figure 4-36.

The. fatigue strength. of fillet welded transverse tee specimens was

affected by the following factors:

a. Thickness: As in the cruciform specimens, the thinner (0.160

inch. thick.1 tee configuration demonstrated greater strength

than the thicker material (0.313 inch thick) configuration

with. convex contour fillet welds on both. The 0.205 inch

thick concave weld contour specimens also exhibited a

strength. level greater than the 0.*313 inch thick specimens.

As before, this behavior is attributed to the relatively

larger degree of weld root penetration occurring on the

thinner materials.
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b. Weld Type: Concave contour transverse tee fillet welds

demonstrated increased lover envelope strength over convex

weld contour welds on 0.313 inch thick material.

c. Weld Repairs: Repairs of defective fillet weld areas and

repairs of weld burn-throughs were evaluated for welds in

0.313 inch thick material and produced nominal strength

decrease and increase, respectively, compared to the basic

convex contour welds without repairs.

d. Post-Weld Processing: Flapper peening weld processing was

only performed on specimens containing weld repairs. In both

* normal and burn-through repairs, flapper peening caused

strength reductions.

The single failure mode observed for the fillet welded transverse tee

specimens was failure through the heat affected zone of the axially

loaded parent metal with origins at the toe of the fillet weld. Typi-

cal failed specimens are shown in Figure 4-36 with exposed fracture

surfaces.

4.8 CONCLUSIONS

The conclusions summnarized below are based upon the above test results

and are applicable to the specific weldments and tests as delineated

in this report. Unless otherwise stated, all conclusions are based

on welds made single pass from on* side with nominal joint fit-up

tolerances.

4.8.1 BUTT WELDS

4.8.1.1 Axial Strength.-

a. Butt weld static tensile strengths meet or exceed both the

3ICSES yield and ultimate design strengths with the following

exceptions: Offset mismatch joint welds between materials of

the same or different thicknesses welded from one or both
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sides; reinforcement-removed welds in 0.190 inch thick

material with weld porosity greater than 4 percent-, and

welds with lack of fusion/penetration indications with the

weld reinforcement intact or removed.

b. Butt welds made from one side in 0.313 thick material exhibit

more than eight percent increase in fatigue strength over

velds made from one side in 0.160 inch thick material.

c. Butt welds between plates of different thicknesses exhibit:

static strength which exceeds the UKSES design allowables;

lower fatigue strength than welds joining plates of the

same, thickness; static and fatigue strengths which are

adversely affected by joint offset mismatch, and fatigue

strength adversely affected by joint angular misalignment.

d. Butt welds made from both sides exhibit 11 percent higher

static and 15 percent higher fatigue tensile strength than

welds made from one side.

e. Single and multiple repaired welds (repairs made with gas

tungsten arc welding) do not degrade static or fatigue

strength when accomplished by proper weld procedures.

f. Butt welds joining plates nominally mismatched between 1/16

and 1/8 inch substantially reduce static and fatigue tensile

strength.

g. Welding of joints which are angularly misaligned five degrees

can cause a severe reduction in fatigue strength of joints

between materials of different thicknesses, and a nominal

static strength reduction for joints between materials of the

same thickness.

b. A significant increase in butt weld fatigue strength can be

obtained by post-veld processing consisting of reinforcement

J removal (see below), reinforcement contour fairing, rotary

flapper (or brush) peening with reinforcement fairing, and

reinforcement removal with flapper peening. The greatest
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strength improvement was attained by reinforcement removal

with flapper peening.

i. Butt weld reinforcement removal, in addition to fatigue

strength improvement, produces a nominal static strength

reduction, and marginally improves fatigue strength of

welds containing porosity imperfections. Reinforcement

removal from butt welds containing porosity induces porosity

failure modes compared to weld toe failures in welds with the

reinforcement left intact.

J. Air blast shot peening is not a reliable post-weld process

for improving fatigue strength.

k. Porosity levels in butt welds up to 1.8 percent with the weld

reinforcement left intact, do not affect static tensile

strength. Porosity levels above four percent with the

weld reinforcement removed, reduces static tensile strength

to levels below the 3KSES ultimate tensile strength design

allowables.

Butt welds with porosity levels up to 5 percent (and possibly

higher) with the weld reinforcement intact, develop equiva-

lent fatigue strength to comparable welds without porosity.

Porosity at levels above one percent in welds with the rein-

forecement removed substantially reduces the fatigue strength

compared to equivalent welds without porosity.

Butt welds with porosity levels ranging up to 10 percent
exhbhft a relatively constant fatigue strength with substan-

tial scatter.

1. Lack of fushion/penetration imperfections in butt welds signi-

ficantly degrade the static tensile strength to levels below

the 3KSES ultimate tensile strength design allowables. Lack

of fusion/penetration imperfections with sufficiently small

surface lengths to he accpetable could not be produced.
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Lack of fushion/penetration imperfections also significantly

reduce butt weld fatigue strength which tends to vary in-

versely with the surface length of the imperfection.

4.8.1.2 Bending Fatigue Strength-

a. Butt welds are more critical in axial tension fatigue by a

substantial margin compared to uni-direction bending fatigue.

b. In butt welds made from one side, the root is fatigue criti-

cal in comparison to the weld crown (side from which weld was

made). This condition can be alleviated by welding joints

from both sides.

c. Bending fatigue-strength is significantly improved by shot

peening and to a lesser extent by weld reinforcement removal

or reinforcement removal with flapper peening.

d. Flapper peened single repair butt welds, with the reinforce-

ment either intact for removed, exhibit bending fatigue

strengths comparable to welds without repairs.

4.8.2 FILLET WELDS - The following static strength conclusions

are based on the axial tension load (weld transverse shear load) per

inchL of double fillet weld. Fatigue strength conclusions are based on

the axial applied load per square inch of parent metal cross-section.

a. Transverse cruciform joint static strength is linearly pro-

portional to fillet weld size and is in agreement with

American Weld Society (Reference 15) published strength values.

h. Concave contoured fillet welds develop higher fatigue strengths

than convex contour fillet welds varying from a nominal to a

substantial difference.

c. Cruciform joint and tee joint fillet weld fatigue strengths

vary essentially inversely with parent metal thickness.
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d. The fatigue strength of cruciform, joints made with convex

contour fillet welds is not adversely affected by weld re-

pairs. The fatigue strengths of transverse tee joints made

with convex contour fillet welds are only nominally reduced

by normal weld repairs and are not affected by repairs of

weld burn-throughs.

e. Flapper peening does not improve fillet weld fatigue strength

and can degrade it.

f. Cruciform joints made with full penetration fillet welds

exhibit superior strength over such joints made with con-

ventional fillet welds.
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5 /STIFFENED PANEL TESTS

5.1 GENERAL

Tests on single bay length stiffened panels were conducted in accordance

- I with TPPOO016A (Reference 1) as a progression from coupons to a more

* complex structure. These tests were basically designed to validate the

structural adequacy of typical UKSES longitudinal panel configurations

under axial loading. Test emphasis was on the evaluation of the in-

-. I fluence of fabrication parameters such as distortions, straightening

operations, repairs and post-weld processing. The panel test specimens

were sectioned as replicates from larger flatbar stiffened panel assem-

blies that were fabricated with various geometric anomalies. All panel

assembly welds were subjected to visual and radiographic inspections and

were accepted by Quality Assurance as being in conformance with the pro-

posed UKSES acceptance standards for production welds. In addition,

all panel assemblies except for specific panels described below were

accepted by Quality Assurance as being in conformance with the proposed

UKSES dimensional tolerance and fairness standards.

5.2 SPECIMEN DESCRIPTIONS

Each stiffened panel test specimen basically consisted of a plate stiff-

ened with two flatbar stringers located on 10-inch centers. All speci-

mens were fabricated from 5456-H116 alluminum alloy and welded using

type 5556 aluminum alloy electrodes. A matrix defining the various con-
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figurations planned for each of the static tension, static compression

and tension fatigue test specimens is presented in Table 5-1, Basic

geometrics and dimensions of the various test specimens are illustrated

in Figure 5-1; additional details of the test specimens are described

in the following paragraphs.

5.2.1 TENSILE STATIC AND FATIGUE TEST SPECIMENS -- These speci-

mens were of the erection joint configuration illustrated in Figure 5-1(a).

All specimens were fabricated from 0.250 inch plate and 0.313 x 3.75

inch stiffeners.

5.2.1.1. Tensile Static Test Specimens - Two configurations of

tensile static test specimens were evaluated, i.e., a baseline configura-

tion (TT802022-3) and a configuration with doublers riveted over un-

welded stiffener butt joints (TT802022-201). Except for one of the -3

replicates, as discussed in Section 5.7 below, these configurations were

free of anomalies and were designed to verify the attainment of basic

material allowables in a structure fabricated with practical tolerances.

The riveted doubler configuration was intended to evaluate this method

as the sole means of butt joining the flat bar stiffeners in situations

where welding of these Joints may not be practicable.

5.2.1.2 Fatigue Test Specimens - These stiffened panel speci-

mens were prepared to evaluate the effects of various fabrications para-

meters such as joint mismatch, straightening operations, repairs and

post-weld processing. Two configurations identical to the static ten-

sile specimens (TT8020Z2-3 & -201) were tested to provide baseline data

and to evaluate the doubler configuration. Descriptions of other speci-

mens are as follows:

Specimens No. TT802022-5: These specimens were fabricated

similar to the baseline specimens. These specimens were

longitudinally bowed by the application of a distributed

normal load on the panel stiffener side with the panel ends

simply supported. Load was applied incrementally until the
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Table 5-1. Flatbar Stiffened Panel Test Specimen Matrix.

Panel Thickness of Weld Panel
Config. Joined Parts Condition Condition Test Type

Specimen Primary . . Panel

Drawing investigation "a a 0 Assembly

Nmber Area 0 e w u a', e. .• cs. u DrAing" 41 ....

,,.__ _ _ i _,, ___ V
-_ _ 1 5 :

TI'801023-7 Straghtened - 0 A c Q

1'S02022-5 trai .htened __ I X_ I LU , '
T'802023-101 Eccentricitie. X X I (2) .0-2 0 1 a K " (2 1 2 -1

rs02-13 Baeln X X (4 X 21TbC-2.9

-203X X ( X 3-

xx B1 (23 3 ,

-205 I I X (1) X 2 -29

T-8 I -101- Eceticte 2) X 215

-107 , X X (4) 2 9

-111 X X X (8) X 2 -37
TT802023-211 Eccentricities X : X X 8) X. .39
TT802022-11 Post ',eld X X X (9) (2) X 3 -41

TreatmentI

TT08O22-103 Weld Repairs X X  (1C (10) X X 31 -5

n7 Weld Repairs X X 1 (11) X I 3 -53
:TU02022-205 Bonded Joint I

Doublers X , (13) (13) X 1
TT802222-201 rRiveted' X '(1 X .9
T1502023-11 Joint X (14 X I 61
r02022-203 X ( 15) (15) X -63

T-802022-201 Doublers X G1 _ X ( 14
Total . . .

1. Lon;itudinally bowed panel with tripped stiffeners straightened by jacking and
pryitig.

2. Mismatch at plate and stiffener butt joints.
3. Kinked stifiener butt joints (angular iaaligumnnt) with stiffeners bowed laterally 1/4 inch.
4. Stiffenars bowed laterally 1/4 inch.

5. Stiffesar bowed laterally 3/8 inch.

6. Stiffeners bowed laterally 3/B inch with header Installed between stiffeners.

7. Sace am Note 2 above, plus rotary brush peening of butt joints.

8. Single weld repairs in plaet and stiffener butt oLnta with brush peeningof repaired weldS.

9. Sace as Note 10, except double and triple weld repairs were made before pesening.

10. Doublers adhesively bonded over weld repairs made in plate and stiffener butt joits.

11. toublers riveted aver unvelded stiffener butt joints.

12. Doublers riveted over weld repairs In plate and stiffener butt Joints.
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panel was permenently deformed resulting in one-half inch

lateral bow in the flat bars. These panels were subsequently

straightened before test by jacking and using a slotted pry

bar to straighten the stiffeners.

Specimens No. TT802022-11: These specimens were prepared

with 1/16 inch nominal mismatch in the plate and stiffener
butt joints. Subsequent to welding, the butt joint reinforce-I
ments and the stiffener fillets adjacent to the stiffener

butt/fiLllet intersections were smoothed and peened using the

rotary flapper process. The peening intensity was .004- .008

Almen A arc height. The location of peened areas is illustrated

in Figure 5-2.

Specimens No. TT802022-103: These specimens were prepared to

evaluate the effect of single weld repairs and post weld pro-

cessing of the repaired weld surfaces. Single weld repairs

were made in the plate butt joint between the stiffeners, the

two stiffener butt joints at one end of the panel and in the

inside stiffener fillets adjacent to the stiffener butt joints

at the opposite end of the panel. Subsequent to welding, the

repaired surfaces on one stiffener and one half the length of the

adjacent plate joint were smoothed and rotary flapper peened to

0.004-0.008 Almen A arc height. The locations of the weld repairs

and peened areas on the -103 specimens are also illustrated in

Figure 5-2.

Specimens No. TT802022-107: These specimens were prepared to

evaluate the effect of multiple weld repairs and postweld pro-

cessing of the repaired weld surfaces. Repairs were in the

same locations as on the -103 specimens described above; however,

the plate butt weld and the inside and outside fillets at the

stiffener butt weld intersection were repaired twice and the

stiffener butt welds were repaired three times. The repaired

weld surfaces were smoothed and peened as described above for

the -103 specimens. The locations of the repairs and peened

areas on the -107 specimens are also illustrated in Figure 5-2.
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Specimens No. TT802022-205: These specimens were prepared to

evaluate the application of bonded doublers over weld -repairs

made in the plate and stiffener butt joints. Single weld re-

pairs were made in the plate butt joint between the stiffeners

and in the stiffener butt joints on one end of the panel and

bonded doublers were installed over these repairs as described

in Section 3.6 of this report.

Specimens No. TT802022-203: These specimens were prepared to

evaluate the application of riveted doublers over weld repairs

made in the plate and stiffener butt joints. The specimens

were fabricated similar to the -205 specimens described above

except the doublers were installed using rivets instead of

adhesive. A 0.160 inch thick doubler was installed on the plate

but joint and 0.080 doublers were used on each side of the

stiffener joints. These doublers were sized to carry approxi-

mately 40 percent of the loads across the joints.

5.2.2 COMPRESSIVE BUCKLING TEST SPECIMENS -- The nominal size

of the compression test specimens was 16.5 x 30 inches as illustrated

in Figures 5-1(b) and 5-1(c). Detailed descriptions of the various

specimens follow.

Specimens No. TT802023-3: These were baseline specimens with

haunched stiffeners as illustrated in Figure 5-1(c) and were

designed to validate typical 3KSES hull structure panel ele-
ments. (After fabrication of these parts, the 3KSES stiffened

panel concept was changed from haunched to straight flatbar
stiffeners for economic reasons.)

Specimens No. TT802023-7: These specimens were similar to the

-3 specimens described above. Prior to testing, the -7 speci-

mens were distorted and straightened (similar to the TT802022-5

tension fatigue panels previously described to evaluate the

effect of the straightening operation.
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Specimens No. TT802023-11: These specimens incorporated the

erection joint arnd were fabricated with doublers riveted over

unwelded stiffener butt joints similar to the TT802022-201

static tensile specimens described in paragraph 5.2.1.1 above.

The stiffeners were 4 inch constant height flatbars and all

material thicknesses were the same as in the -3 and -7 specimens.

The remaining compression test specimens were fabricated with various

eccentricities to evaluate the effect of these fabrication anomalies on

panel strength across erection joints. These panels were fabricated

with two material thickness combinations for each type of eccentricity

in order to investigate the interaction effect of plating stiffness on

the flatbar stiffener buckling. The "thin" material combination con-

sisted of 0.200 inch thick plate and 0.250 x 4 inch stiffeners and was

intended to produce plate elastic buckling as the most critical buckling

mode. The "thick" material combination consisted of 0.344 inch plate

and 0.375 x 5-1/4 inch stiffeners and was intended to produce elastic

stiffener buckling as the most critical mode. These material thickness

combinations also represented typical "light" scantlings and "average"

scantlings for the UKSES longitudinal panel structure. The "thin" and

"Thick" specimens are identified by the -1Ioc and -2xx dash numbers

respectively.*1 Specimens No. TT802023-101 and -201: These specimens were fab-
ricated, with offset mismatch in the plate and stiffener butt
joints. The amount of mismatch in all "'thin" specimen butt

joints and in the plate butt joint in the thick specimen was

between 1/16 and 1/8 inch; the stiffener butt joints in the

"thick" specimens incorporated 1/8 to 1/4 inch mismatch. These

tolerances exceed those specified for the UKSES fabrication in

Reference 3 and were used to explore the validity of increasing
allowable mismatch.
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Specimens No. TT802023-103 and -203: These specimens were fabri-

cated to simulate anerection joint condition in which the stiffe-

ners were bowed and the butt joints on opposite sides of the

erection joint were laterally offset in alignment. The amount

of offset was extrapolated fromi actual offsets observed during

fabrication of the SESlOOA bow modification. In order to simu-

late the most unfavorable condition which could possibly occur,

an offset of 1.5 inches was used. By comparison, the allowable

offset derived from the requirements of Reference 3 would be

0.50 and 0.57 inch for the "thin" and "thick" specimens respec-

tively. In addition the free edges of the stiffeners on each

panel were bowed inward 1/4 inch.

Specimens No. TT802023-105 and -205: These specimens were designed

to evaluate the effect of aligned stiffeners with the stiffener

edge laterally bowed inward 1/4 inch. This value exceeds the 3/16

allowable bow specified in Reference 3.

Specimens No. TT802023-107 and -207: These specimens were similar

to the -105/-205 specimens described above except the amount of

stiffener free edge bow was increased to 3/8 inch. These specimens

and the -105/-205 specimens were designed to validate the allowable

3/16 offset in the UKSES structure and to provide a basis for dis-

positioning production non-conformances.

Specimens No. TT802023-lll and -211: These specimens were similar

to the -1071-207 specimens (i.e., 3/8 inch bow in the stiffeners)

but with a header installed between the laterally bowed stiffeners

at the mid-span point of maximum bow. This configuration was

designed to substantiate a possible repair technique.

5.3 SPECIMEN PREPARATIONS

The stiffened panel test specimens were cut from large welded panel

J assemblies and prepared for testing as described below. From two to

five test specimen replicates were obtained from each large panel

assembly. Typical assemblies are illustrated in Figure 5-3. Specimen
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locations on these assemblies were identified by part number using

markings as specified on the stiffened panel specimen drawings number

TT802022A and TT802023A. The individual test specimens were rough

cut from the panel assembly and trimmed to the specified dimensions as

illustrated in Figure 5-4. After trimming, and edge polishing the

fatigue specimens, measurements were taken in the locations shown in

Figure 5-5. Specimen measured minimum dimensions and calculated sec-

tion properties are presented in Table 5-2. I

5.3. 1 TENSILE STATIC AND FATIGUE SPECIMEN PREPARATION -- The
full lengths of the reduced section plate edges on all fatigue test

specimens were polished to a 32 rms surface finish. Prior to specimen

end preparations, specimen out-of-plane distortions was measured, and

the location of the neutral axis was scribed on the ends of the panel

* stiffeners. Specimen distortion measurements are shown in Table 5-3.

Doublers were bonded to the grip ends of the specimens as illustrated

in Figure 5-6 to reinforce the grip areas and assure uniform distortion

of the applied load from the end fixture into the specimen. The bonding

adhesive thickness was controlled and used as a "liquid shim" to attain

alignment of the specimens in the test fixtures. The tool used to

assemble the doublers onto the specimen was designed to hold the speci-

men in alignment and to position the doublers to match the mating sur-

faces of the specimen end grip fixtures so that the adhesive would fill

the irregular voids between the specimen and the doublers. The final

bonded assembly therefore, fit into the test fixture in such a manner

that neither machining or shimming of the specimen was necessary for

proper alignment. After the doublers were installed, close tolerance

bolt holes were drilled in the specimen ends to match the test fixtures

using the TT802029 special drill jib (Reference Appendix A). Provisions

for the measurement of strains were installed as described in Section

5.5 below.
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Figure 5-3. (780489-3) Typical Platbar Stiffened Panel Weld
Assemblies for Compression Test Specimens.

'I Figure 5-4. (790088-1) Final TrimrIng of Specimen
Outline Using Template and Router
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Table 5-3. Stiffened Panel Tensile Static and Fatigue
Test Specimen Distortions.

Specimen Left Stiffener Distortion* Right Stiffener Distortion*
No.
TT802022- GI G2 G3 G G2 G3

-3-Sl .225 .190 .230 .450 .390 .340

-3-S2
-201-Sl NOT RECORDED
-301-S2 I

-3-Fl .260 .180 .150 .380 .360 .360
-3-F2 .180 .170 .190 .520 .430 .325

-3-F3 .210 .200 .260 .170 .140 .160
-5-Fl .000 -.050 .100 .050 .030 .080
-5-F2 -.020 -.080 .100 .090 .000 .070

-11-Fl .160 .160 .160 .170 .115 .115
-11-F2 , .150 .140 .140 .240 .230 .290
-11-F3 .270 .230 .250 .210 .230 .205
-103-Fl .180 .080 .150 .100 .080 -.020
-103-F2 .125 .020 .050 .120 .065 .100
-103-F3 .130 .015 .060 .175 .060 .060
-201-Fl .025 .015 .015 -.050 -.040 .000
-201-F2 -.020 -.010 .020 -.040 -.010 .010
-201-F3 -.070 -.010 -.040 -.030 -.030 -.020
-203-Fl .140 .170 .160 .115 .170 .150

-203-F2 .200 .135 .165 .150 .110 .165
-203-F3 .240 .140 .250 .120 .115 .180
-205-Fl .130 .050 .010 .180 .145 .175
-205-F2 .140 .180 .180 .130 .130 .140

-205-F3 .050 .030 .070 .080 -.020 .100
-107-Fl .170 .080 .170 .240 .190 .230
-107-F2 .200 .080 .080 .250 .175 .130
-107-F3 .300 .180 .170 .150 .070 .100

*Distortion measurements in inches at locations illustrated below.

~~48" =

24"- 48

Gi G2 G3-

_ _ _ _ _ _ _ _ _ _ _Ref.

Plane

s e butt welds
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(a) (790461-3) Detail of Doubler Bonding in Progress.

(b) (790461-6) Overall View with Bonding Completed
at Far End of Specimen.

Figure 5-6. End Doubler Bonding - Stiffened Panel Tensile
Static and Fatigue Test Specimens.
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5.3.2 COMPRESSION BUCKLING SPECIMEN PREPARATION -- As indicated

in Figure 5-7, both ends of the compression test specimens were plotted

into 17 inch long sections of aluminum channel extrusions using steel

filled epoxy potting compound. Channel dimensions were 6 x 2 inches

for the specimens with 4 inch height stiffeners and 7 x 2.3 inches for

specimens with 5 1/4 inch height stiffeners. The plotting operation

was performed on a flat machined surface using steel squares to insure

perpendicularity; this operation is illustrated in Figure 5-8. Pro-

visions for the measurement of strains and deflections were installed

as described in Section 5.5 below.

5.4 TEST SETUPS AND FIXTURES

5.4.1 STATIC TENSION TESTS -- The statis tension tests were

setup in a Tinius-Olsen Universal Testing Machine of 300,000 pound

capacity. Specially configured specimen end grip fixtures were

centered and clamped in the test machine wedge grips at the upper and

lower heads. The test panel specimen was installed in these grips.

Details of these end grip fixtures, which were modifications of

stiffened panel grips from the H-S Advanced Development Program, are

provided in Appendix A. A specially designed and fabricated 10 inch

gage length extensometer was installed on the specimen centered over

the plate erection joint butt weld. Photographs of the overall test

setup and the extensometer installation are presented in Figure 5-9.

5.4.2 TENSILE FATIGUE TESTS - The basic setup for these tests

consisted of a structural steel load frame with an MTS No. 204-81B.05

hydraulic actuator and a 1110,000 pound capacity strain gaged load cell

mounted at opposite ends. The same basic end grip fixtures employed

for the stiffened panel static tensile tests were also used for the

fatigue tests. These fixtures were connected through spherical bear-

ing rod ends to the actuator shaft and the load cell. With the test

panel mounted between the grips, this arrangement assured that the re-

* quired load was transmitted through the test specimen. A sketch of the

basic setup is shown in Figure 5-10 and photographs are presented in

Figure 5-11.
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Figure 5-7. End Preparation f or Compression Test Specimens.
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iELECTRO-HYDRAULIC ACTUATOR

(110 kip capacity)

SPHERICAL BEARING

END LOADING GRIP

LOAD FRAME

PANEL SPECIMEN

END LOADING GRIP

- SPHERICAL BEARING

LOAD CELL
(110 kip rating)

Figure 5-10. Stiffened Panel Fatigue Test Setup Components.

B-141



Now..

cJ'

1 -4

B-142



The load control system employed for testing eleven of the stiffened

panel fatigue tests consisted of a Varian 620/i computer with ASR33

Teletype input/output and master control panel coupled to an MTS 406.11A01

servo controller and control panel. The command signal was generated

by the computer in the form of a haversine wave shape between the speci-

fied load level. Control of the hydraulic actuator was affected

through a 170 gallon per minute capacity servovalve connected to the

control system. A feedback signal to the control system was provided

from the load cell. Safety interlock and shutdown features were also

incorporated in the overall control system setup. A view of the control

room showing the computer system and associated control and recording

equipment is presented in Figure 5-12(a).

Approximately midway through the stiffened panel fatigue test program,

a failure occurred in the Varian computer. In order to expedite the

completion of testing, the Varian computer and the Teletype were re-

placed with an MTS Model 410 Digital Function Generator and an Anadex

Model CF-500 Electronic Counter for the balance of the stiffened panel

fatigue tests. A photograph of the load control equipment after this

change is shown in Figure 5-12(b).

Failures in the specimen and grip fixtures were also experienced during

the course of fatigue testing. The first failure occurred, after 820,000

accumulated fixture cycles, through the 3-inch diameter loading pin hole

as shown in Figure 5-13(a). Two spare fixture base plates remaining

from the H-5 program were available and, after magnaflux inspection, one

of these was modified to the current configuration and substituted for

the failed part. This replacement base plate failed in a manner almost

identical to the first after 1,312,000 additional fixtures cycles. Both

of the failed base plates were examined metallurgically for defects

or other problems. When no specific cause for these failures could be

established other than fatigue initiation at low stress levels, a design

modification was implemented after reworking the remaining H-5 base plate

to the current configuration. The bore of all the lug loading pin
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holes and adjacent flat areas were surface ground, doublers, as illus-

trated in Figure 5-13(b), were installed on the upper and lower base

plates. This modification proved successful throughout the remainder

of the fatigue tests.

5.4.3 STATIC COMPRESSION TESTS -- These tests were set up in

the Tinius-Olsen 300,000 pound capacity Universal Testing Machine using

end fixtures designed for these test specimens. These fixtures pro-

vided pin-ended support about the panel minor axis and line support

along the panel major axis at each end. Lateral adjustment for pre-

cise alignment of the pin axis with the panel neutral axis was provided

by adjusting screws as illustrated in Figure 5-14. Due to slight

deviations from trueness at the test specimen ends, occassional shimming

between the upper fixture and the machine head was required to achieve

uniform line contact prior to loading.

The test panel was installed between the end fixtures, aligned on the

scribed loading axis, and clamped to the fixtures. An "erector set"'

framework was positioned around the test area to support deflection

transducers. The deflection transducer cables were then attached to

the specimen measurement points with standard wire leaders. The total

setup, including a detail view of typical deflection transducer connec-

tions, is shown in Figure 5-15.

5.5 INSTRUMENTATION AND DATA ACQUISITION EQUIPMENT.

Each of the various specimens was instrumented with strain gages at the

locations defined in Figure 5-16 and 5-17. The locations of displace-

mernt measurements for each of the compression panels are defined in

Figure 5-18. The actual strain and displacement measurement locations

shown in these figures represent minor deviations from the Reference 1

Test Plan necessitated by specimen geometry constraints.
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LOADING FIXTURE

APPLIED PIVOT POINT ADJUSTINGLOCKING SCREW
LOADING I

TESTISPECIMEN
S I
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Figure 5-14. Stiffened Panel Compression End Loading Fixture Setup.

.1 i ! B-i47



~j4j

00-

fA .,.4

B- 148



'C4

.- 4

"4-4

IID "4 E- .( UJ

00 -4 *

C4 -4 -4

00 -4 C4

Lw 0

coI co0 0

Ell E- j

0~ u'N'

C44 C4 .1

~ U 0j

00 C

-4 co d

.4-I .6 -H -

SIn C4- -4, cac

SI. ~-44
-44 5 n-

N N ..V

14- 14 4.1 -4 -414

14~
144 Sn A

N 0 0

14 -414 -4-4-C4-444

0000.4
-44---0N(

B- 149



Stiffener
Weld

Pattern D7) 7 ,k**Pattern C T-5,6

CL Plate Weld P75

Pattern A 1 2 3 -T2,4 1,3

Pattern E...~ 6 Fatr j 5 ,6  7

Stiffener

Weld

Pattrnern-
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Figure 5-17. Strain Gage Identifications, Locations and Orientations
on Stiffened Panel Tensile Fatigue Test Specimens.B15



STIFFENED PANEL SPECIMEN NO. APPLICABLE STRAIN GAGE PATTERNS
from Sheet 1

TT802022- 3-Fl B, H

TT802022-3-F2 A, C

TT802022-3-F3 A, E

TT802022-5-Fl A

TT802022-5-F2 A

TT802022-11-Fl A, H

TT8O2022-ll-F2 A, F

TT802022-ll-F3 A, D

TT802022-103-Fl A, D

TT802022-103-F2 A, D2

TT802022-103-F3 A, C

TT802022-107-Fl A, C

TT802022-107-F2 A, C

TT802022-107-F3 A, D2
TT802022-201-Fl A, G

TT802022-201-F2 A

TT802022-201-F3 A

TT802022-203-Fl A

TT802022-203-F2 A, D

TT802022-2O3-F3 A, D

______TT802022___205__Fl A,____________________I_____

TT802022-205-Fl A,E
TT802022-205-F2 A,

Figure 5-17. Strain Gage Identi fications, Locations and

Orientations on Stiffened Panel Tensile Fatigue

Test Specimens (Sheet 2 of 2).
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The following transducers were employed:

ITEM MANUFACTURER DESCRIPTION

Strain Gage MicroMeasurements, EA-13-250BG-120
Incorporated Static Range: + 5000 micro in/in

Fatigue Endurance 10 cycles at
+ 1450 micro in/in

Displacement Research Inc. Model 4046-2
Transducer Range: 0-2 in.

Accuracy: + 1% of max. range

Extensometer Tinius-Olsen Model S-400-2AB in conjunction
with specially fabricated 10-inch
gage length extensometer frame.

Standard mounting tabs, with pressure sensitive adhesive backing, were

attached to the specimens and connected to the displacement transducers

with wire leaders. The strain gages were bonded using standard test

laboratory installation techniques.

The data acquisition system used for each type of test is described in

the following paragraphs. All measuring equipment displayed evidence

of current calibration traceable to standards maintained by the National

Bureau of Standards.

5.5.1 DATA ACQUISITION EQUIPMENT FOR STATIC TENSILE TESTS --

Strain gage data was acquired and recorded on a Model 256 Digital Data

Acquisition System manufactured by B&F Instruments which provide read-

outs of strain in microinches per inch and load in pounds. The exten-

someter was connected to the Autographic Recorder on the Tinius-Olsen

test machine to provide a plot of load versus strain for determination

of the 10-inch gage length yield stress.

5.5.2 DATA ACQUISITION EQUIPMENT FOR TENSILE FATIGUE TESTS --
Specimen stain gage signals were recorded on a Honeywell Visicorder

Model 1580A oscillograph. Signal conditioning was provided by Validyne

SG71 strain gage amplifiers and calibration signals by an EDC Model 2902

DC voltage calibrator. Single channel "quick look" capability was pro-

vided by a DANA digital voltmeter and/or a Tektronics memoscope.
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Load cell readings were printed by the Teletype while testing under corn-

puter control; after the computer failure, the load cell output was

monitored on the digital voltmeter and/or mem-o-scope.

5.5.3 DATA ACQUISITION SYSTEM FOR STATIC COMPRESSION TESTS -

All strain and deflection data was acquired and recorded on the Model

256 Digital Data Acquisition System manufactured by B&F Instruments

which provided readouts of strain in microinches per inch and displace-

ments in units of 0.001 inch. The Autographic Recorder of the

Tinius-Olsen test machine was used to plot test machine head travel

versus applied load.

5.6 TEST PROCEDURES

45.6.1 STATIC TENSION TESTS -- The specimens were installed in

the test machine as described in Section 5.4.1 above. The strain

gages were connected to the data system and the extensometer to the

test machine autographic recorder. Prior to securing the specimen

lower end fixture in the test machine wedge grips, i.e., with no load

on the specimen, each strain gage bridge was balanced and resistance

calibrated for direct data readout in engineering units. The strain

gage zero and calibration data was recorded. The lower end fixture

was then secured in the test machine wedge grips, and the autographicI recorder was set to a zero reading.

Testing commenced at a loading rate of 150,000 pounds per minute with

momentary "halts" at 10,000 or 20,000 pound intervals to record strain

data. For the initial test, loading was applied to approximately 3/4

of the anticipated yield load, then released to zero to evaluate the

extent of permanent deformation and/or hysteresis characteristics.

Loading was then applied to the previous maximum load and incrementally

increased to failure with all data recorded as before. For subsequent

tests, the panels were loaded directly to failure with momentary halts

to record data without intermediate returns to zero load.
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After failure or "incipient" failure, the specimen was unloaded, instru-

mentation cables were disconnected, and the specimen was removed and

photographed.

5.6.2 TENSILE FATIGUE TESTS -- For each test, the test

specimen was installed in the test fixture and the strain gages were

connected to the recording equipment, balanced, and resistance cali-

brated for data readout directly in engineering units. A static load

survey to determine the stress distribution in each panel was made

initially to assist in the determination of the cyclic load. This sur-

vey was required due to the uneven stress distribution caused by the

varying degrees of specimen longitudinal bowing distortions. Using

data obtained from the coupon tensile fatigue tests, a maximum cyclic

load level was selected to initiate fatigue failure in the 100,000 to

1,000,000 cycle range. The test load upper limit was also selected

to prevent yielding of the critical area determined by the static load

survey. The test load lower limit was set to provide a stress ratio

of 0.1. The load control system was programmed to cycle between the

upper and lower load limits and fatigue cycling was started. At the

beginning of each test, the load cell and strain gage readings were

monitored, at low frequency cycling, to verify the loads and strains.

After this verification, the frequency was slowly increased to maximum

attainable without degradation of the desired sinusoidal waveform.

The panel specimen was visually inspected every 10,000 or 20,000 cycles

using a drop light and magnifying glass as required. These inspections

were performed while the maximum cyclic load was maintained constant

in order to enhance the visibility of any cracks, etc. Dye penetrant

was utilized to clarify areas of uncertainity remaining after visual

examination. The oscillograph was activated at approximately 5,000

cycle intervals to check if change had occurred in any of the strain

gage readings. A change in the output from a strain gage proved to be

one of the better indicators of internal damage to the specimen.

Cycling and inspections were continued in this manner until a crack was

detected. When a crack was discovered, the extent of the crack was
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noted and cycling was continued with periodic halts as frequently as

5,000 cycles to measure the extent of crack propagation. This procedure

was continued until complete failure was imminent or actually occurred.

If no cracks were detected, testing continued with normal inspection

intervals to "run-out" at 1,000,000 load cycles. Photographs were

taken of each specimen at the conclusion of testing.

A crack-wire installation was explored in an attempt to detect crack

initiation earlier than by visual observation. Trial installations

were made on three specimens, but the results were disappointing and

the effort was discontinued.

5.6.3 STATIC COMPRESSION TESTS -- For each test, the test speci-

ment was installed in the end fixtures mounted in the test machine.

The strain gages were connected to the data system and the deflection

transducer lead wires were clipped to the specimen mounting tabs.

With slight clearance maintained at the test machine upper head, i.e.,

no load on the specimen, each strain gage bridge was balanced and re-

sistance calibrated for direct readout of strain in microinches per

inch. The measurement span of each of the deflection transducers was

calibrated, using standard gage blocks, for direct readout of displace-

ments in units of 0.001 inch. The test fixture upper pin was aligned

and an axial preload of up to 5000 pounds was applied to hold the speci-II men properly aligned. All of the deflection transducers were balanced
to indicate zero deflection on the data system at this preload. Test-
ing was then commenced at a loading rate of 100 ,000 pounds per minute

with "halts" at 10,000 or 20,000 pound intervals to record the strain

and deflection data. For each specimen, the loading was continued to

approximately 75 percent of the anticipated buckling load after which

the load was returned to the 5000 pound, preload level and data was

again recorded to evaluate the extent of permanent deformation and/or

hysteresis characteristics. Loading was then increased to the previous

maximum load and the test was continued to failure recording data at

intervals as before. Loading was continued beyond instability to
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clearly define the manner of buckling; in most cases, the load was then

returned to the preload level and reapplied to evaluate the-"post-

buckling" residual strength.

The specimen was then unloaded, instrumentation cables were disconnected

and the specimen was removed and photographed.

5.7 STIFFENED PANEL SPECIMEN TEST RESULTS

5.7.1 STATIC TENSION TESTS

5.7.1.1 Results -- Four specimens of two configurations were

tested in static tension and the results are presented in Table 5-4.

Autographic plots of load-strain curves and complete tabulations of

all strain data obtained from the stiffened panel static tensile tests

are provided in Section 1 of Appendix D. Stress-strain plots and photo-

graphs of one specimen of each panel configuration are presented in

Figures 5-19 through 5-21.

Table 5-4. Results of Stiffened Panel Static Tension Tests

Specimen Minimum Yield Data Ultimate Data Notes
No. Area (10" Gage Length) _________

2i Load Stress Load Stress
(n (kips) (ksi) (kips) (ksi) _____

TT802022-3-Sl 6.258 200.0 32.0 245.0 39.2 (1),(3)
-3-S2 6.310 213.8 33.9 302.0 47.9 (1),(4)

-201-Sl 6.205 208.0 33.5 245.5 39.6 (2),(5)
-201-S2 6.230 197.5 31.7 249.0 40.0 (2),(5)
Average 32.8 (6)

Notes. 1) Erection Joint panel with stiffeners joints butt welded
2) Erection joint panel with doublers riveted over unwelded

stiffener butt joints.
3) Failure initiated in defective weld in stiffener butt joint.
4) No failure; testing machine capacity was 300 kips
5) Stiffener failure in rivet holes at the end of the doubler.
6) Average ultimate stress is not meaningful due to differences

in design and failure modes.
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One of the baseline specimens with welded stiffener joints (TT802022-3-S1)

failed slightly below the 40 ksi welded material ultimate tensile

strength. The failure initiated at a weld defect (lack of fushion)

located in a stiffener butt joint near the stiffener plate intersection.

This joint had been repaired, and the lack-of-fusion was not detected

by post-repair radiographic inspection. Although failure initiated at

the weld defect, the failure was influenced by the stress distribution

resulting from the specimen distortion (see Table 5-3 and the discus-

sion in Paragraph 5.7.1.2 below.) The other baseline specimen with

welded stiffener joints (TT802022-3-S2) exhibited strength in excess of

the rated capacity of the test machine.

Each of the specimens with doublers riveted over unwelded stiffener

joints failed through a rivet hole in the stiffener nearest the end

of the doubler. Failure initiation was attributed to the reduction

of stiffener cross-section area due to the rivet hole.

5.7.1.2 Discussion of Results -- The stress-strain plots pre-

sented in Figures 5-19 and 5-20 are similar to those reported in the

H-5 Advanced Development Program Test Reports (References 5 and 6).

Strain gages located over weld heat affected zones (HAZ), i.e., gages

1-3 and 6 at the panel mid-section and gages 10, 11, 13 and 14 aL the

end section of welded stiffeners (TT802022-3 specimens), exhibited

local yielding at stress levels below the panel nominal yield stress.

Other gages in areas remote from the HAZ exhibited yielding at stresses

above the panel nominal yield stress.

The minimum ultimate tensile strength of the stiffened panels was less

than the average ultimate strength of comparable coupon specimens

shown in Figure 4-14. The lower strength of the stiffened panel speci-

mens, as compared to the coupon data, was attributed to panel distor-

tions and a lack-of-fusion weld defect. The average of the measured

panel yield stress was comparable to the minimum stress of unwelded

5456-H116 material and was approximately 26% greater than the allowable

stress (26 ksi) for as-welded material.
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Comparison of the stiffened panel static tensile results from the pre-

sent program with those fram the H-5 Advanced Development Program as

reported in Reference 5, are presented in Table 5-5. The H-5 panel

test specimens differed from the current test specimens in that extruded

T-stiffeners were used and the stiffener butt joints were coincident

with the plate butt joint resulting in a total heat affected cross

section. Because of staggered stiffener and plate weld joints, the

current specimen yield strength was improved over the H-5 specimens;

ultimate strength was also improved compared to the H-5 specimens.

Table 5-5. Comparison of Panel Static Tensile Average Test
Results with H-5 Program Average Test Results

PANEL YIELD PANEL ULTIMATE SPECIMEN

SPECIMEN NO.S STRESS (ksi) (2) STRESS (ksi) (3) QUANTITY

TT802022-3 & -201 32.8 39.2 (4) 4

H5 ADP SPMS
( I)

No offset 28.5 38.0 3

0.09-0.13 offset 25.6 34.1 5

Notes:

(1) Average data for erection joints with transverse welds, with and
without weld joint offset, as shown in Table 3-1 of Reference 5.

(2) Yield strength obtained from load-elongation curve using 10-inch
gage length extensometer centered on panel mid-section and actual
cross-section area.

(3) Ultimate stress determined from failure load and actual cross-

section area.

(4) Minimum value since only 1 of 4 specimens tested failed in the
reduced area section.

The effects of panel distortion are illustrated by the stress envelopes

plotted in Figure 5-22. Each stress envelope compares the maximum and

mininum local stresses with nominal stress at the specimen mid-section

for nominal stresses below the proportional limit. These envelopes

illustrate the differences in stress distribution due to distortion

for each type of panel configuration. Panels with welded stiffeners

were slightly kinked at the stiffener butt joints, and the resulting

panel eccentricity increased stiffener free edge stresses due to bending.
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This effect was reversed on the panels with riveted stiffener joints.

These panels were essentially straight as fabricated, and the load dis-

tribution peaked on the plate due to the less efficient load transfer

by the mechanical fasteners in the stiffener joints.

5.7.2 TENSILE FATIGUE TESTS -- Results from the stiffened

panel tensile fatigue tests are summarized in Table 5-6 and shown

graphically as S-N data in Figure 5-23. The S-N envelopes shown in

Figure 5-23 were defined by theoretically derived S-N curves drawn

through the lowest and highest data points for each specimen type as

previously described in Section 4.7.1.2. Fatigue strength comparisons

at 500,000 cycles endurance are presented in Figure 5-24. Extropola-

tion of the S-N envelopes beyond the actual test data was necessary

for certain specimen configurations to define the data band at 500,000

cycles.

Comparison of the stiffened panel fatigue strength results with the

butt welded plate coupon fatigue data for 0.313 inch thick specimens

(Reference Section 4) indicates a substantially lower fatigue strength

for the panels. Baseline, mismatch, and single/multiple repair panels

exhibited fatigue strengths ranging between 53 and 66 percent of the

comparable coupon strengths at 500,000 test cycles. Causes for these

strength reductions are discussed below.

Stress magnification factors determined from the strain survey static

tests conducted on most panel specimens prior to the start of fatigue

testing are shown in Figure 5-25. Generally, this survey was conducted

only for panels with high longitudinal eccentricity on which additional

strain gages were installed. The range of local to nominal stress

ratio varied from 0.98 to 2.76. Complete strain gage data recorded

from the static surveys is provided in Section 2 of Appendix D. Dis-

cussions of the results from each panel configuration group of speci-

mens follow below.
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I

a. Specimens TT802022-3F2,-F2,-F3 (Baseline): A considerable

strength variation was encountered in the three panel speci-

mens with two stiffener butt weld failures and one run-out

* (one million cycles without failure). Strength differences

were attributed to butt weld toe angle variations and panel

longitudinal eccentricity.

Failure of the second specimen established the low strength

envelope boundary for all panels tested. This specimen con-

tained an excessively large and steep sided butt weld rein-

forcement at the fatigue origin plus the largest longtiudinal

eccentricity measured.

Photographs of the two baseline specimens which failed in

fatigue and the respective failure origins are shown in

* - Figure 5-26 and 5-27.

b. Specimens TT802022-5-F1,-F2 (Straightened after longitudinal

bowing): These two specimens demonstrated the highest fatigue

strength of all panels tested. Higher strength was primarily

attributed to the low panel longitudinal eccentricity; Strain

hardening incurred during the straightening process may have

been a secondary contributing factor.

The two Failures in the straightened specimens initiated in

the deck plate butt weld and a stiffener butt weld as shown

in Figure 5-28 and 5-29.

c. Specimens TT802022-11-Fl,-F2,-F3 (Mismatched butt joints with

flapper peening post-weld processing): These specimens exhi-

bited among the lowest panel fatigue strengths. Two of the

three specimens tested failed in the deck plate butt weld

with origins at weld root re-entrant angle on the deck surface.

(Peening was inadvertantly omitted on the side of the deck

butt weld opposite the stiffener.) Bending stresses due to the

plate joint mismatch were compounded by this re-entrant angle

condition.
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(a) (790152-1) Specimen Overall View

J't'

(b) (790 152-4) Plate Butt Weld Failure Origin

Figure 5-28. Stiffened Panel Fatigue Test Specimen.1 No. TT802022-5-Fl. (Straightened) After Failure
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A significant strength improvement was achieved by removal

of the weld reinforcement re-entrant condition on the third

specimen. Removal of the reinforcement roll-over was

accomplished by hand fairing the reinforcement to the plate

surface producing an acceptable production quality mismatched

weld. The faired deck reinforcement was not flap peened to

provide a strength comparison with the first two specimens.

This processing induced the higher strength stiffener butt

weld failure mode.

Failure mode photographs are shown in Figure 5-30 and 5-31.

Failures in replicates -Fl and -F2 were essentially identi-

cal in nature.

d. Specimens TT802022-103/-107-Fl,-IF2,-F3 (Single and multiple

weld repairs in plate and stiffener butt joints with and

without flapper peening): These panels were repaired in the

deck plate butt, two stiffener butts and two stiffener fillets.

Repairs on one side of each specimen were flapper peened

while the repairs on the other side were left in the as-welded

condition. A detailed description of these repairs is given

in Section 5.2.1.2.

Fatigue failures were apparently all repair related on the

unpeened side with crack origins at steep repair weld toe

angles or an an abrupt end of a repaird fillet weld reinforce-

ment.

No failures occured at repairs that were flapper peen pro-

cessed. All of these repair weld reinforcements required

fairing to ensure peening brush access. Consequently, the

steep repair reinforcement toe angles were removed.

The lower fatigue strength of multiple repair compared to

single repair panels, was attributed to a higher incidence

of critical stress concentrations due to repairs on both

weld surfaces.
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Photographs of the various fatigue failure modes exhibited

by the repair weld specimens are presented in Figure 5-32

through 5-36. The failure of single repair specimen

TT802022-103-Fl essentially duplicated the failure of the

-F2 specimen shown in Figure 5-32. The single repair speci-

ment -103-F2 and the multiple repair specimen -107-Fl both

had evidence of lack of fushion in the fracture interface

at or near the fatigue origin. Two lack of fushion areas

were also apparent on the multiple repair panel -107-F3 which

had the lowest strength of the three specimens.

e. Specimens TT802022-205-Fl,-F2,-F3 (Doublers adhesively bonded

over single weld repairs at mid plate and two stiffener butt

joints): All three specimens failed in the stiffener butt

welds without repair, signifying "run-out" conditions for

this type panel. The failures obtained can be considered part

of the baseline panel data group, and are of comparable

strength levels despite evidence of weld lack of fushion in

the fracture surfaces of the first two panels and weld poro-

site in the third panel. A steep weld reinforcement toe

angle was also noted at the failure origin on the second

panel.

When considered as run-outs for the repaired specimen mode,

these conservative strength levels fall between the multiple

and single repaired panel levels and indicate the potential

of greater strength than single repair specimens.

Failure modes for these panels are shown in Figures 5-37 and

5-38.

f. Specimens TT802022-203-Fl,-F2,-F3 (Doublers riveted over sin-

gle weld repairs at mid plate and two stiffener butt joints):

Riveted doublers over single weld repairs did not improve

repaired panel fatigue strength. The repaired/riveted areas 3
were more fatigue critical than the normal stiffener butt

welds on the opposite ends of the panels.
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Two of the specimens failed through the stiffener rivet holes

and the third failure occurred through a stiffener butt repair

containing lack of fushion. Photographs of these failures

are provided in Figure 5-39 and 5-40. Failure of the -20 3-F2

specimen essentially duplicated the failure shown in

Figure 5-33 for the -203-Fl specimen.

g. Specimens TTB02022-20l-Fl,-F2,-F3 (Doublers riveted over un-

welded stiffener butt joints): Stiffener butts joined by

riveted doublers had a higher minimum fatigue strength compared

to welded stiffener butt joints. The maximum achieved strength

was equivalent to that for the welded butt baseline specimens

but the scatter band was maller for the riveted joint specimen

group.

*1 Two specimens (-Fl and -F2) failed through the stiffener rivet

holes, and failure of the third initiated in a stiffener

fillet weld near a stiffener butt. Photographs of these fail-

ures are shown in Figures 5-41 and 5-42. Failure of the -20 1-F2

specimen essentially duplicated that shown in Figure 5-41 for

the -201-Fl specimen.

In summary, the majority of stiffened panel fatigue test failures

occurred at the toes of butt weld reinforcements or through reinforce-

ment doubler rivet holes. Instances were also encountered where the

failures were attributed to weld abnormalities such as re-entrant angles

or lack of fusion, examples of which are shown in Figure 5-43.
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5.7.3 STATIC COMPRESSION TESTS

5.7.3.1 General -- Twenty-six panel specimens of thirteen con-

figuration variations were tested under axial compression static load-

ing; and the results are presented in Table 5-7. All detail test data

recorded from these tests is provided in Appendix D. The data pro-

vided for each specimen includes the autographic plot of applied load

versus total compressive deformation and completion tabulations of the

recorded strain gage and displacement transducer readings at all load-

ing increments.

Local buckling of the flatbar stiffeners was the predominant failure

mode; occurring during the stiffened panel axial compression tests;

19 specimens failed in this manner. Four specimens failed by stiffener

bowing and the remaining three failed by plate buckling. A composite

plot of compression load versus axial deformation for all of the

stiffened panel test specimens is presented in Figure 5-44. Comparison

of the various envelopes and curves shown in Figure 5-44 reveals a

significant variation in the panel buckling characteristics and post-

buckling load-carrying capabilities.

The buckling loads presented in Table 5-7 were determined from plots of

lateral displacements versus test loads using the "top-of-the-knee"

method described in Reference 16. Displacements and applied loads were

normalized to the specimen material thickness and critical load,

respectively. The critical load was calculated as follows using the

method presented in Reference 17:

Stiffener buckling stress fb 0 .383E S

Plate buckling stress f bp 3.62E bk n

Critical panel buckling load P cv A ~(ess2: of f bs and f b

where E -Young's modulus

t-element thickness

b -element width
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Figure 5-45 illustrates the use of the "top-of-the-knee" method for

determining the panel strength at the onset of buckling.

Discussions of the results from the various panel configuration axial

compression tests are contained in the following paragraphs. Each

type of panel configuration and failure mode is illustrated by one (or

more) photographs, measured strain-vs-nominal applied stress plots,

and a graphical presentation of displacements for increments of nominal

stress.

5.7.3.2 Baseline Panel Test Results -- Four baseline panels

were tested; two panels in the as-fabricated condition (TT802023-3-1/-2)

and two panels which were mechanically bowed and straightened before

testing (TT802023-7-V-2). All four specimens failed by stiffener buck-

ling near the panel mid-section, and three of the four specimens

exhibited equivalent buckling and ultimate strengths. The other speci-

men, failed at a stress level only 6 percent below that of the other

three specimens. One of each type of specimen is illustrated in

Figure 5-46. Strain and displacement plots for these specimens are

presented in Figures 5-47 through 5-50.

5.7.3.3 Test Results from Panels with Mismatch at Erection Butt

Joints -- Four erection joint specimens with mismatched plate and

stiffener butt welded Joints were tested. Two specimens (TT802023-101

-1/-2) were made with .200 inch plate and 0.250 inch stiffeners repre-

senting "light" scantlings on the 3KSES structure, and the other two

(TT802023-201-1/-2) were made with .344 inch plate and 0.375 stiffeners

representing "average" panel scantlings. The thinner gage specimens

failed in different modes near the specimen mid-sections. One failed

by plate buckling and the other by stiffener buckling; however, these

specimens exhibited equivalent strengths. Both of the thicker gage

specimens failed by stiffener buckling near the stiffener erection

joint, and these specimens also exhibited equivalent strengths. One

of each failed specimen is illustrated in Figure 5-50; strain and

deflection plots are shown in Figure 5-51 through 5-55.
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Figure 5-47. Stress-Strain Curves for Stiffened Panel Compression

with Haunched Stiffeners; No Butt Welds).
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Figure 5-48. Stress-Strain Curves for Stiffened Panel Compression Test
Specimen No. TT802023-7-1. (Baseline Configuration with
Haunched Stiffeners - Straightened After Deforming).
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Figure 5-52. Stress-Strain Curves for Stiffened Panel Compression Test
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* I Test Specimen No. TT802023-201-2 (Erection Joint "Average
* Scantling" Configuration with Mismatch in Plate and Stiffener

Butt Weld Joints).
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5.7.3.4 Test Results from Erection Joint Panels with Misaligned

and Bowed Stiffeners -- These specimens were fabricated with the stiffe-

ners misaligned 1 1/2 inches across the erection joint and with 1/4

inch inward bow in the stiffener free edge. Two specimens each of

"light" (0.200/0.250) and "average" (0.344/0.375) plate/stiffener

thickness combinations were tested. (Specimens TT802023-103-l/-2 &

TT802023-203-l/-2, respectively). One specimen of each thickness com-

bination failed by stiffener buckling, and one specimen of each thick-

ness combination failed by stiffener bowing. Buckling and failure

stresses were consistent within each specimen thickness combination.

A typical specimen of each type is illustrated in Figure 5-56; strain

and displacement plots are shown in Figures 5-57 through 5-60.

5.7.3.5 Test Results from Erection Joint Panels With Stiffeners
Bowed 1/4 Inch -- Two specimens each of "light" (0.200/0.250) and

"average" (0.344/0.375) plate/stiffener thickness combinations with the

stiffener free edges bowed 1/4 inch inward were tested (TT802023-105-l/-2

and TT802023-205-l/-2, respectively). One of the "light" specimens

failed in a bowed stiffener mode and the other three specimens failed

by stiffener buckling; all but one of the stiffeners on the three

letter specimens buckled near the panel mid-section. For the thin

material configuration, the specimen which failed by stiffener bowing

exhibited slightly lower (0.8 ksi) capability than the specimen which

failed by stiffener buckling. The thicker material specimen strengths

were essentially equal. A typical failed specimen of each material

thickness configuration is illustrated in Figure 5-61 strain and dis-

placement plots are shown in Figures 5-62 through 5-65.

5.7.3.6 Test Results from Erection Joint Panels with Stiffeners

Bowed 3/8 Inch -- Two "light" (0.200/0.250) and two "average" (0.344/

0.375) plate/stiffener thickness combination specimens with the stiffe-

ner free edges bowed 3/8 inch inward were tested (TT802023-107-l/-2

J and TT802023-027-l/-2, respectively). Both "light" scantling specimens

and one "average" scantling specimen failed by stiffener buckling near

B-209

i



C14

.14

.-n c
C14

01

rA

0-'

0w Q)

B-210



38
a) Strain Gages at Panel Mid-Section. 0 ,
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Figure 5-57. Stress-Strain Curves for Stiffened Panel Compression
Test Specimen No. TT802023-103-2 (Erection Joint "Light
Scantling" Configuration with Stiffeners Misaligned and
Laterally Bowed 1/4 Inch).
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Figure 5-58. Stress-Strain Curves for Stiffened Panel Compression

Test Specimen No. TT802023-203-2 (Erection Joint "Average
Scantling" Configuration with Stiffeners Misaligned and
Laterally Bowed 1/4 Inch).
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Figure 5-62. Stress-Strain Curves for Stiffened Panel Compression
Test Specimen No. TT802023-105-1 (Erection Joint "Light
Scantling" Configuration with Stiffeners Laterally Bowed1 1/4 Inch).
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the panel mid-section; the other "average" scantling specimen failed by

stiffener bowing. The strength capability of these specimens was only

slightly below that of the 1/4 inch bowed stiffener specimens described

in Section 5.7.3.5 above. A typical failed specimen of each material

thickness configuration is illustrated in Figure 5-66; strain and dis-

placement plots are shown in Figure 5-67 through 5-70.

5.7.3.7 Test Results from Erection Joint Panels With Check-

Stabilized Bowed Stiffeners -- These specimens were identical to the

3/8 inch bowed stiffener specimens described above except that chocks

were installed between the stiffeners at the panel mid-section adja-

cent to the plate butt joint. All four of these specimens (TT802023-

111-11-2 and TT802023-211-l/-2) failed by stiffener buckling near the

panel end. Buckling and failure stresses were consistent within each

specimen thickness combination and the buckling/failure stresses were

approximately 13% greater than the specimens without headers. A

typical failed specimen of each material thickness configuration is

illustrated in Figure 5-71; strain and displacement plots are shown I
in Figure 5-72 through 5-75.

5.7.3.8 Test Results from Erection Joint Panels With RivetedI

Stiffener Joints -- Two specimens fabricated from 0.281/0.250 inch

plate/stiffener thicknesses with doublers riveted over unwelded

stiffener butt Joints were tested (TT802023-ll-l/-2). This material

thickness combination matched that for the baseline specimens (Ref-

erence Paragraph 5.7.3.1 above) except that the stiffeners were not

haunched. Both riveted joint specimens failed by plate buckling near

the specimen mid-span at approximately the same stress levels. A

typical failed specimen is illustrated in Figure 5-76; strain and

displacements are shown in Figure 5-77 and 5-78.

5.7.3.9 Discussion of Test Results -- The results of the

stiffened panel compression tests are summarized in Figure 5-79. The

average buckling and failure stress for each type of specimen is shown
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a) Strain Gages at Panel Mid-Section.
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Figure 5-72. Stress-Strain Curves for Stiffened Panel Compression
Test Specimen No. TT802023-11-2 (Erection Joint "Average

Scantling" Configuration with Stiffeners Laterally Bowed

3/8 Inch and Chock-Stabilized).
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Figure 5-73. Stress-Strain Curves for Stiffened Panel Compression
Test Specimen No. TT802023-211-2 (Erection Joint "Light
Scantling" Configuration with Stiffeners Laterally Bowed
3/8 Inch and Chock-Stabilized).
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Figure 5-74. Deflection Curves for Stiffened Panel Compression Test
Specimen No. TT802023-lll-2.
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a) Strain Gages at Panel Mid-Section.
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Figure 5-77. Stress-Strain Curves for Stiffened Panel Compression
Test Specimen No. TT802023-11-2 (Erection Joint Configuration
with Riveted Stiffener Butt Joints).
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Figure 5-79. Averaged Results of Flatbar Stiffened Panel Axial
Compression Tests.
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along with the predicted buckling stress for each panel configuration.

The predicted buckling stress was determined using the 3KSE-S bar-

stiffened plating analysis program, described in Reference 18, with the

colun end fixity modified to reflect the pinended condition of the

test specimens. Thus, the predicted buckling stress represents the

allowable buckling stress for panels without geometric eccentricities

and provides a baseline for evaluating the effect of the various eccen-

tricities.

The buckling strength of the normal panels, as defined in Figure 5-79,

and the panels with chock-stabilized bowed stiffeners was greater than

the predicted buckling strength. Of the remaining specimens, only the

"light" scantling panels with joint mismatch exceeded the predicted

buckling strength. The remaining "light" scantling specimens buckled

from 7.5% to 11.6% below the predicted value with the order of strength

degradation progressing from the 1/4 inch bowed specimens to the 3/8

inch bowed stiffener specimens. The remaining "~average"~ scantling

specimens failed from 7.3% to 15.3% below the predicted value. For

these configurations, the order of increasing strength degradation

was panels with 1/4 inch stiffener bow, joint mismatch, 3/8 inch

stiffener bow, and 1/4 inch stiffener bow with 1-1/2 inch stiffener

offset misalignment.

5.8 CONCLUSIONS

This test program has produced significant information on the strength

characteristics of stiffened panels which were fabricated in a produc-

tion environment with dimensional tolerances equal to or greater than

established production standards. Specific conclusions relative to the

static tension, tension fatigue, and static compression strength charac-

teristics, as determined from this test program, are presented in the

following paragraphs.
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5.8.1 STATIC TENSION -These tests validate the existing

design allowable tensile yield and tensile ultimate strengths for

stiffened panel structural elements. The results demonstrate that the

UKSES welded material allowables are realistic for welded structures

with practical tolerances. One of the welded erection joint specimens

with excessive deviations from the fairness standards marginally

achieved the allowable tensile ultimate strength. The specimens withI
bolted doublers barely achieved the allowable tensile ultimate strength;A

however, the failure was attributed to a marginal design of the

fastener pattern. The measured average yield stress (32.8 ksi based

on 10-inch gage length) indicates that the design allowable yield stress

is conservative for stiffened panels with staggered stiffener/plate

butt-welded joints.

5.8.2 TENSILE FATIGUE -- These conclusions are derived from

the test results presented in Section 5.7.2 and are applicable to the

specific welded stiffened panels as described in this report.

a. The stiffened panels with erection joints develop substan-

tially lower axial fatigue strength than comparable types

of butt welded plate coupons. This strength difference

was attributed to elevated local stress conditions caused

by steep or re-entrant butt weld reinforcement toe angles,

discontinuities at the ends of fillet weld passes, weld

lack of fusion imperfections, panel longitudinal bowing,

and basic panel geometries.

b. The predominant mode of panel critical fatigue failure

occurs at the stiffener butt welds.

c. Stiffened panel fatigue strength is significantly degraded

by excessive butt weld toe angles and re-entrant angle

conditions.

d. Straightening of longitudinally bowed panels is beneficial

to fatigue strength.
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e. Mismatched butt weld joints are detrimental to baseline

panel fatigue strength. Mismatched butt welds are-especially

fatigue critical when a butt weld toe re-entrant angle condi-

tion is present.

f. Repaired panels have comparable strength to the baseline

panel configuration.

g. Steep weld toe angles and excessively high reinforcements

contributed to the weld repaired panel fatigue failures.

h. Panels with multiply repaired welds have fatigue performance

degraded from panels with single repaired welds.

i. Flapper peening (with reinforcement contour fairing) of weld

repairs is beneficial to the fatigue strength.

j. Doublers bonded over repairs exceed panel weld strength with-

out repairs.

k. Doublers riveted over weld repairs do not improve fatigue

strength over that of weld repairs alone.

1. Doublers riveted over unwelded stiffener butts eliminate

the panel distortion longitudinal bowing caused by welding

of these joints and result in a marginal improvement in

fatigue strength over the welded baseline panels.

5.8.3 STATIC COMPRESSION -- The primary thrust of these tests

was the evaluation of the effect of various geometric eccentricities

which exceeded current production standards. Specific conclusions

based on these tests are as ollows:

a. Panels with the 0.200/0.250 inch plate/stiffener thickness

combination welded with joint mismatch which exceeded pro-

duction standards by up to 100 percent exhibited buckling

strength approximately 8 percent below predicted values.
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b. Both types of panels with stiffeners bowed 1/4 inch (i.e.,

1/16 inch greater than production standards) failed to

achieve the predicted buckling strengths by five percent

and seven percent for the "light" and "average" scantlings,

respectively. These reduced values may be used to sub-

stantiate acceptance of similar production welds based on

the results of stress analysis.

C. Bath types of panels with 1/16 excess bow and 1 1/2 inch

offset misalignment of the stiffeners across the erection

joint failed to achieve the predicted buckling strengths by

8 percent and 15 percent for the "light" and "average"

scantling specimens, respectively. Since the amount of offset

in the specimens exceeded the allowable offset by a factor

4 of 2 for the "light" scantling specimens and 1.6 for the

"laverage" scantling specimens, these results may be used

in conjunction with stress analysis to justify the accep-

tance of similar production welds with misalignment within

product1i6n standards.

d. Both types of panels with 3/8 inch bow in the stiffeners

(i.e., twice that permitted by production standards) failed

to meet predicted values by 9 percent.

e. Both types of panels with chock-stabilized 3/8 inch bowed

stiffeners at values slightly above those predicted, there-

by substantiating this method as an acceptable repair.

f. The test results from the haunched flatbar baseline panel

validate the configuration of these panels and the method of

analysis. These results also show little or no degradation

of strength resulting from the bowing and straightening

operation.

g. The panels with doublers riveted over unwelded stiffener

butt joints reach buckling strength considerably (17 percent)

above the predicted value. This increase strength results
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from an effective shortening of the flatbar columns due to

the added stiffness of the doublers at the ends. This

effect was demonstrated by the failure mode, plate buckling,

for both of these specimens.

The stiffened panel compression buckling test results have demonstrated

the effect of the various panel eccentricities and validate the method

of analysis. The results of the tests of the eccentric panels provide

data which may be used, in conjunction with stress analysis, to provide

a basis for evaluation and disposition of excessive eccentricities

which may occur in 3KSES stiffened panel structure.
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6 / DECK/BULKHEAD TESTS

6.1 GENERAL

Testing of specimens which represented continuous deck structure inter-

secting with a transverse bulkhead on the 3KSES constituted the initial

phase of element tests under the Panel and Element Structural Test Pro-

gram. These tests were conducted in full accordance with Test Plan

No. TTPOO017, Reference 2, except for minor deviations explained herein.

The deck/bulkhead element tests were conceived to be a logical advance-

ment from the stiffened panel tests described in Section 5 of this re-

port. As such, the deck/bulkhead element tests were designed to evaluate

two areas of interest. These areas were the watertight penetration of

continuous deck structure through a transverse bulkhead and the region

of the ship erection joint. The ship erection joint area was included

to provide direct correlation to the results obtained from tests con-

ducted on stiffened panels incorporating the same erection joint con-

figuration.

A total of five deck/bulkhead element test specimen assemblies were

fabricated. Two specimens were subjected to static tensile tests and

three to tensile fatigue tests as described in detail below.
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6.2 SPECIMEN DESCRIPTION

All five of the deck/bulkhead element test specimens were fabricated as

replicates of one configuration. This configuration represented the

watertight penetration of continuous deck structure through a major

transverse bulkhead on the 3KSES and included the adjacent ship erec-

tion butt area. A sketch of the deck/bulkhead test specimen with

nominal scantlings and dimensions is presented in Figure 6-1. As shown

in this figure, each specimen consisted of two tee-stiffened plates,

simulating sections of transverse bulkhead, joined to opposite sides of

a flatbar stiffened plate deck structure. In order to obtain compara-

tive data, the nominal scantlings shown in Figure 6-1 for the deck struc-

ture duplicated the scantlings of the tensile static and fatigue test

stiffened panels described in Section 5. In addition, the erection butt
joints in each deck/bulkhead specimen were fabricated with nominal

mismatch duplicating that in the corresponding stiffened panel speci-

mens (Reference panel specimens no. TT802022-lI).

The individual deck/bulkhead specimens were all obtained from a single

large welded assembly manufactured by RMI Production per Drawing No.

TT802032 (Reference Appendix A). This assembly was fabricated from

5456-H116 or H117 aluminum alloy sheet and plate gas-metal-arc welded

with type 5556 aluminum alloy filler wire using machine and semi-auto-

matic welding methods. The basic fabrication of the large assembly was

performed to simulate the planned 3KSES assembly and erection sequence.

As such, two deck subassemblies and two transverse bulkhead subassem-

blies were initially produced. The two bulkhead assemblies were then

joined to the larger deck subassembly to represent the ship structure

forward of a major assembly erection joint. The sequence employed for

attaching the smaller deck assembly duplicated the planned procedure

for ship erection of major assemblies. Except for the specified erec-

tion butt joint mismatch, all components were aligned, fit-up and con-

strained during welding in a manner similar to that planned for 3KSES

production. Required post weld straightening was successfully

accomplished using selected patterns of surface shrink welds. The large
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welded assembly was fully inspected and accepted to the requirements of

Drawing No. TT802032 by Quality Assurance. A photograph of this

assembly is shown in Figure 6-2.

The balance of fabrication on the five individual deck/bulkhead element

test specimens was performed by the Rohr Industries Test Laboratory per

EMI Drawing No. TT802033 (Reference Appendix A). Each specimen was

first parted from the large weld assembly and final trimmed to contour

using templates and a router. Aluminum doublers were then adhesive

bonded to the deck plate and stiffeners at both ends. Specimen fabri-

cation was completed by drilling the grip attachment hole patterns

utilizing drill fixtures fabricated per RHI Drawings No. TT802028 and

TT802029 (Reference Appendix A). On the three specimens scheduled for

fatigue testing, a final hand finishing and polishing operation was

performed to remove burrs and nicks from the deck and bulkhead plate

edges through the test section zone. A photograph of a deck/bulkhead

element specimen ready for test is presented in Figure 6-3.

6.3 SPECIMEN PREPARATION

Prior to test, each deck/bulkhead element specimen was accurately mea-

sured at the locations depicted in Figure 6-4. Measurements were also

made to quantify the amount of deck longitudinal bowing distortion pre-

sent in each of the three specimens scheduled for fatigue testing. The

need for these measurements was not established until after initial

testing had been performed on the two static test specimens. All

recorded measurements obtained from each specimen are presented in

Table 6-1.

After measurements were completed, each specimen was instrumented with

strain gages. Locations, orientations and other details of the strain

gage installations are presented in Section 6.5 below. On the two

j deck/bulkhead element specimens scheduled for static tensile testing,

percentage elongation reference points were punch marked on opposite

sides of each weld joint at 2 inch and 10 inch gage lengths as indicated
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Figure 6-2. Completed Deck/Bulkhead Production Welded
Assembly.

1 ft

.1 Figure 6-3. Completed Deck/Bulkhead Element Test Specimen
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Table 6-1. Deck/Bulkhead Element Specimen Pretest Measurements.

NOTE: Reference Figure 6-4 for measurement locations and identifications

except those shown on the sketch below.

Element No. TT802033
Component Dimen. (Static) (Fatigue)

-1-Si -!-S2 -1-F1 1 -1-F2 -I-F3

Deck Plate tA .261 .260 .260 .262 .262 Ref plane
t .262 .262 .261 .265 .254

w
1  14.973 14.975 14.975 14.930 14.984

w2  14.963 14.964 14.965 14.962 14.970

w3  14.961 14.968 14.958 14.965 14.975

w4  14.963 14.968 14.975 14.965 14.975

Deck Left Stiff. tI  .311 .310 .312 .312 .311

hI  3.773 3.826 3.736 3.738 3.780

tI  .316 .316 .313 .314 .317

h2  3.742 3.742 3.722 3.720 3.7E0 -_ -
t3  .319 .317 .318 .318 .317
h3  3.704 3.698 3.688 3.713 3.722

01 NR NR .273 .177 .120 - 0 2
02 NR NR .242 .160 .110

03 NR NR .308 .134 .192

04 I NR .223 .125 .142 0

Deck Right Stiff. tI  .312 .312 .312 .312 .311

h 3.783 3.753 3.760 3.770 3.770

t .315 .318 .316 .316 .317 0

h2  3.726 3.698 3.718 3.718 3.738

3  .315 .319 .319 .315 .315 Deck
h3  3.722 3.733 3.690 3.700 3.700

01 NR NR .170 .212 .097

02 NR NR .191 .193 131

03 NR NR .277 .248 .255
04 MR R .188 .185 .172 Sid Vi

Bulkhead Plate tI  .203 .203 .204 .202 .203

t2  .201 .202 .202 .204 .202 Deck/Bulkhead Element
Long. Bow

Bkd Left Stiff. tI  .153 .153 .153 .154 .153 Distortion
t2  .153 .153 .154 .153 .153

8kd Right Stiff. t1  .153 .153 .153 .152 .153

t2  .153 .153 .155 .151 .154

NR - Not recorded
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in Figure 6-5. When these tasks were completed, each specimen was

ready for installation in the appropriate test setup.

6.4 TEST SETUPS AND FIXTURES

All tests on the deck/bulkhead elements were conducted by the Rohr

Industries Engineering Test Laboratories located at the Chula Vista

plant. The static tensile tests were conducted in the Mechanical Test

Laboratory; the tensile fatigue tests, in the Structural Test Laboratory.

6.4.1 STATIC TENSILE TESTS -- The entire setup for conducting

static tensile tests on the deck/bulkhead element specimens essentially

duplicated the setup previously described in Section 5.4.1 for the

stiffened panels. The only change required for the deck/bulkhead ele-

ments involved repositioning of the test machine upper crosshead to
accommodate the increased specimen length. All other aspects of the

setup including the test machine and autographic recorder, specimen

grips and extensometer were unchanged from the stiffened panel setup.

An overall view of the deck/bulkhead element static tensile test setup

is shown in Figure 6-6.

6.4.2 TENSILE FATIGUE TESTS -- The complete setup for con-

ducting tensile fatigue tests on the deck/bulkhead element specimens

also essentially duplicated the setup for the stiffened panel fatigue

tests previously described in Section 5.4.2. Again the only difference

in setup involved repositioning the load frame upper cross member and

hydraulic servo actuator to accommodate the greater length of the

deck/bulkhead specimens. All other spects of the test setup includ-

ing the basic load frame, specimen grips, hydraulic system and elec-

tronic control system were unchanged from the stiffened panel tensile

Istigue tests. All of the deck/bulkhead fatigue tests were performed

0 i perator control using the function generator and counter system

as implemented for the latter part of the stiffened panel

-4.,t program. A view of the deck/bulkhead element specimen

w ..ioding frame for fatigue testing is shown in Figure 6-7.
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Figure 6-5. Scribed Gage Mark Locations on Deck/Bulkhead
Elenent Static Tensile Test Specimens
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6.5 INSTRUMENTATION AND DATA ACQUISITION EQUIPMENT

The Rohr Industries Test Laboratory Instrumentation Group was respon-

sible for the installation of strain gages and the implementation,

checkout and calibration of all equipment used in the acquisition of

test data and the generation of fatigue loads during the course of

deck/bulkhead element testing. All instrumentation was subject to

the laboratory's quality assurance provisions instituted to preserve

data precision and accuracy including National Bureau of Standards

traceability. Calibration systems were in conformance with MIL-C-45662A,

Reference 14. All instrumentation used during the deck/bulkhead element

tests displayed evidence of current calibration certification. Detailed

descriptions of the instrumentation and data acquisition equipment

utilized for the deck/bulkhead element tensile static and fatigue tests

are presented in the paragraphs below.

6.5.1 STATIC TENSILE TEST INSTRUMENTATION -- Standard commer-

cial uniaxial strain gages, Micro-Measurements Type EA-13-250BG-120W,

were bonded to each deck/bulkhead element specimen scheduled for static

testing using Rohr Industries Test Laboratory standard installation

procedures. Characteristics of these strain gages included 1/4 inch

gage length, 120 ohm basic resistance, temperature balanced for use on
aluminum and a rated static strain rage of +0.005. A pattern of 16

strain gages was installed on each test specimen at the locations and.1'orientations depicted in Figure 6-8. In accordance with the Reference 2

test plan, these locations were intended to verify the uniformity of the

applied loading and determine the strain distributions at the inter-

section and erection joints in each specimen.

All strain gages were connected to a B & F Instruments Model 256 digital

data acquisition system with 260 channel capacity. This data system

contained the necessary signal conditioning; to output the data directly

in engineering units, i.e., strain in micro-inches per inch. Upon

command, the data system produced a paper tape print-out of the date,

time of day, and all reduced data readings at the rate of 20 channels
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Erection Joint
Plate Weld

Erection Joint
Stiffener Welds

5,-6 7

10 8' 1' '

9-F-1 7, 10

_ _ 2.35

4.15 13, 14, 15, 16

2,4 1, 3

Note: All dimensions shown in inches.

Figure 6-8. Strain Gage Identifications, Locations and orientations for
Deck/Bulkhead Element Static Tensile Test Specimens.
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per second. Rated range of the B & F data system was + 10,000 units on

each channel with a rated accuracy of + 10 units.

Prior to the start of testing, the basic B & F data system was cali-

brated against voltage standard by the Rohr Industries Test Laboratory

Instrumentation Group. The voltage standard used, EDC direct current

voltage calibrator Model 2902, Serial No. 6447, showed evidence of

current calibration by National Astro Laboratories against National

Bureau of Standards calibrated standard. Prior to the start of each

test condition, all strain gages were end-to-end calibrated with the

assigned data system channels and connecting cables to the manufacturer's

certified gage factor furnished with the strain gages.

In addition to the above instrumentation, a Tinius-Olsen LVDT (Linear

Variable Displacement Transformer) Electronic Extensometer, Model No.

S-4002AB, Serial No. 126524, mounted in a Rohr Industries fabricated

10-inch gage length extensometer frame, was clamped to each deck/bulk-

head element specimen for the first phase of static testing. A pre-

vious calibration of the basic extensometer by the manufacturer re-

mained current through the pertenent test period. The signal from the

extensometer was recorded on the Tinius-Olsen Universal Test Machine

autographic recorder.

6.5.2 TENSILE FATIGUE TEST INSTRUMENTATION - Standard commer-

cial uniaxial strain gages were bonded to each deck/bulkhead element

fatigue test specimen using Rohr Industries Test Laboratory standard

installation procedures. In general, Micro-Measurements Type

EA-13-250BG-120W strain gages were utilized. Principal characteristics

of these gages included 1/4 inch gage length, 120 ohm basic resistance,

temperature balanced for use on aluminum, and a fatigue endurance

rating of + 0.0015 strain for 1,000,000 cycles. Where dictated by

space limitations, Micro-Measurements Type EA-13-125AD-120 strain

gages were employed. Principal characteristics of these gages were the

same as described above except the gage length was 1/8 inch. A pattern
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of 7 strain gages was installed on each fatigue test specimen at the

locations and orientations depicted in Figure 6-9. Four of these

locations were in accordance with the Reference 2 test plan to verify

the uniformity of applied loading. The remaining locations were added

to measure the stress magnification at the most critical location

determined from the specimen pretest distortion measurements.

The fatigue test setup load cell and 6 of the 7 strain gages installed

on each specimen were connected to a Visicorder Model 1508A oscillograph

for recording during the fatigue testing. Validyne strain gage ampli-

fiers were employed for signal conditioning and an EDC direct current

voltage calibrator was utilized for strain gage calibration prior to

each test condition. For improved reading precision, the 6 specimen

strain gages and the load cell were individually connected in sequence

to a Dana digital voltmeter during the static load strain survey con-

ducted on each specimen prior to the start of fatigue testing. The

seventh specimen strain gage was read on a standard Budd strain indi-

cator during the static strain survey.

Prior to the start of any testing, the oscillograph active channels were

individually calibrated using EDC direct current voltage calibrator,

Model 2902, Serial No. 6447. This instrument bore evidence of current

calibration by National Astro Laboratories against National Bureau

Standards calibrated standard. Prior to the start of each test condi-

tion and periodically during testing, all active strain gages were

end-to-end calibrated with the assigned signal conditioning/oscillograph

channels and connecting cables to the manufacturer's certified gage

factors furnished with the strain gages.

6.6. TEST PROCEDURES

Since the deck/bulkhead element test specimens contained two areas of

interest, i.e., the bulkhead intersection area and the deck erection

joint area, two phases of testing were conducted on each specimen.

Initial testing was conducted to determine the first or most critical
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Erection Joint

Butt Welds

#1 #3 -'-4- #2, 3

#2 #4

V5 1#6- #5, 6 " #7

4L ~v

Notes: For Specimen No. TT802033-1-Fl only.

For Specimens No. TT802033-1-F2 and -F3 only.

3. All gages were Micro-Measurements Type EA-13-250BG-120W
except gages no. 5 and 6 on Specimen No. TT802033-1-F2
were Micro-Measurements Type EA-13-125AD-120.

Figure 6-9. Strain Gage Identifications, Locations and Orientations for
Deck/Bulkhead Element Tensile Fatigue Test Specimens.
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area of failure. Repairs were then made and the second phase of testing

was performed in an attempt to establish the next most critical failure

mode.

Static tensile testing was conducted on two of the five deck/bulkhead

specimen replicates, and tensile fatigue tests were conducted on the

remaining three replicates. The detail procedures employed for these

tests are described below.

6.6.1 STATIC TENSILE TESTS -- In preparation for the initial

phase of static testing, the partially disassembled specimen end grip

assemblies were installed and aligned in the Tinius-Olsen Universal

Test Machine. Installationof the first strain-gaged deck/bulkhead

element specimen in the grips was then accomplished. The extensometer

assembly was next mounted to the test specimen centered about the deck

plate butt weld and connected to the test machine autographic recorder

which was adjusted to a zero reading. The strain gage leads were con-

nected to the data acquisition system, and each channel was wet to a

zero reading, balanced, and end-to-end calibrated to read directly in

engineering units of strain. "Layout Blue" spray lacquer was lightly

applied to all of the critical specimen welds to function as a "brittle

coating" and accentuate areas of initial deformation and yielding.

Immediately prior to the start of testing, all strain gage channels

were re-adjusted, if required, to a zero reading and the initial zero

load data was recorded. Strain gage resistance calibration data was

also recorded. Loading was then applied to the specimen at the rate

of 150,000 pounds per minute with momentary halts at each 25,000 pound

increment to record the strain gage data. The specimen was carefully

monitored visually, and after initial yielding became visible, the

strain gage data was recorded at each 10,000 pound increment of in-

creasing load. Loading was immediately halted when "incipient failure"

became evident, i.e., visible cracking prior to gross fracture. The

applied load was then released to zero, post-test strain readings were
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recorded, and the specimen was removed from the test setup. Percentage

elongation measurements were obtained and photographs were taken to

document all incipient failure indications. The specimen was then sub-

mitted to RMI Production for repair and reinforcement of the failure

areas.

The initial phase of static testing on the second deck/bulkhead element

specimen was performed in the same manner as described above.

After both deck/bulkhead static test specimens had completed the initial

phase of testing, all butt welds were radiographically examined for

evidence of cracking. All visually and radiographically detected cracks

were ground out and weld repaired. Radiographs were again taken of

the repair welded areas to ascertain acceptable repair quality. All

stiffener butt welds, whether containing repairs or not, were next

ground flush and aluminum doubler plates were fillet welded in place

across each such joint on both sides of the stiffener. A typical speci-

men after these repairs were completed is shown in Figure 6-10.

For the second phase of static tensile testing, procedures were the

same for both specimens. Each repaired/reinforced specimen was first

installed in the grips, and the "Layout Blue" lacquer was sprayed on

the critical joint areas. No strain gage or extensometer instrumenta-

tion was employed for these tests. Loading was then applied at a rate

of 150,000 pounds per minute and continued uninterrupted until specimen

fracture occurred. Loading was then released, the specimen removed

from the setup, and photographs were taken to document the failure mode.

6.6.2 TENSILE FATIGUE TESTS -- The partially disassembled

specimen end grip assemblies were first installed in the fatigue test

setup load frame. For each test, the selected strain-gaged deck/bulk-

head element fatigue test specimen was properly installed in the grip

assemblies. Each specimen strain gage was then connected to read on

both the oscillograph recorder and a digital voltmeter. Each channel

was balanced and end-to-end calibrated to read directly in units of strain.
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Due to the presence of longitudinal bowing distortion in each deck/bulk-

head specimen exceeding the specified limit, a static load-strain sur-

vey was performed on each specimen prior to the fatigue test. This

survey was conducted to document the specimen strain distribution and

the strain magnification factor due to the distortion bending influence

at each strain gage location. Static tension loading was applied in

small increments of nominal tensile stress, and all strain gage read-

ings were recorded at each increment. When the onset of permanent

strain was detected at the most critical strain gage, the corresponding

applied load or a reduced increment was selected as the maximum cyclic

load for the fatigue test.

All fatigue testing was conducted at a stress ratio (R) of 0.1. Fati-

gue load cycling was initiated at a slow rate and slowly increased to

a rate slightly below that where distortion became visible in an

oscilloscope trace of the load cycling curve. Continuous oscillograph

recordings of the strain gages were made during the first increments

of testing. As testing progressed, only biref oscillograph recordings

were made at approximately 5,000 cycle intervals and whenever deemed

useful by the test operator.

In general, the fatigue testing was interrupted every 10,000 or 20,000

cycles to perform close visual inspection of the specimen using a hand

held light and magnifying glass as required. These inspections were
performed with the maximum cyclic load maintained on the specimen to

enhance the visibility of any cracks. Penetrant inspections were

utilized for any questionable areas. Fatigue test cycling and inspec-

tions were continued in this manner until a crack was detected. When

a crack developed in the near vicinity of one or more strain gages,

shafts in the oscillograph traces from these gages often provided an

indication of internal damage prior to visible formation of the crack

on the specimen surface.
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Once a crack was visually detected, the extent of the crack was re-

corded and test cycling was continued with inspections performed at

5000 cycle intervals or less. Crack propagation data was recorded

* at each inspection period. Since it was an objective of the fatigue

test to demonstrate the two most critical failure modes on the deck!

* I bulkhead element specimens, stop drilling operations and or weld re-

pairs were performed on the initial cracks appearing in each specimen.

The above procedures were followed until complete failure of the speci-

men by the second mode of failure was imminent or actually occurred.

Photographs of the specimens were taken during testing and after com-

pletion of testing to document crack appearance, crack stop drilling

techniques, weld repairs and final specimen failure.

Because of the degraded fatigue performance from the first two deck!

bulkhead element replicates tested, a decision was made to rework the

critical area on the third specimen (TT802033-l-F2) prior to testing.

Before rework was started, the critical area on each side of the speci-

men where the bulkhead tee stiffener butt joins the f rce edge of the

flatbar deck stiffener was radiographically examined. Indications ofI weld porosity, lack of penetration, slag and linear porosity were
I r evident with the majority of defects located at the free end of each

joint. The defective area in both joints was reworked by gouging out

approximately 1/4 inch of weld from the free end of the joint and

reworking with the Gas Tungsten Arc process. These welds were deposited

to a smooth contour with no subsequent contour smoothing or peening.

Radiographs taken after the weld rework was completed revealed accept-

able weld quality.

6.7 TEST RESULTS

Results from the tensile static and fatigue tests conducted on the deck!

bulkhead element specimens are presented below. Additional detailed

j data recorded during these tests are included in Appendix F for

reference.
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6.7.1 STATIC TENSILE TEST RESULTS -- Results from both the

initial and the final phases of static tensile tests on the-two bulk-

head/element specimen replicates are summarized in Table 6-2. The 10

inch gage length yield strengths obtained from both replicates were

directly comparable to the yield strengths obtained from the stiffened

panel tests (Reference Table 5-4). The average deck/bulkhead yield

strength was equal to the minimum yield stress of the basic 5456-H116

material and was approximately 27 percent higher than the 3KSES design

allowable yield stress (26 ksi) for welded material.

By contrast, the critical mode ultimate tensile strengths obtained from

both deck/bulkhead element replicates fell from 6 to 8 percent below

the 3KSES minimum design requirements. The deck/bulkhead ultimate

strength levels were also significantly below the corresponding values

obtained from the stiffened panel static tensile tests. (Reference

Table 5-4). These results were attributed primarily to sub-standard

welding quality at the base of the stiffener butt welds combined with

the degrading influence of the larger longitudinal bowing distortions

present in the deck/bulkhead specimens.

The autographically recorded load-strain plots and complete tabulations

of the strain gage data recorded during the initial phase of static

tensile testing on both deck/bulkhead element replicates are contained

in Section 1 of Appendix F. Plots of the strain data recorded for one

replicate are presented in Figure 6-11. This figure compares to those

for the stiffened panels presented in Section 5.7 of this report and

in the H-5 Advanced Development Program reports (References 5 and 6).

From Figure 6-11, it is evident that various strain gage locations de-

tected the onset of plastic strain at a specimen average tensile stress

of approximately 16 ksi. These locations reflected the influence of the

specimen distortions including longitudinal bowing and butt joint mis-

match as well as the effects of localized reduced yield strengths in

j welding heat affected zones.
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Specimen No. TT802033-1-Sl
NONINAL FAILURE STRESS -WAI KSI ~2~KIP

-46

36

E-

cn25

DUI NIB SLCTI

MtAIN4 CAMS

2 3 4 5 a 7 3 S I
TENSILE STRAIN -IN/IN x 10-

a) Strain Gages at Deck Mid Section Near Bulkhead Intersection.

Specimen'No. TT802033-l-'Sl 1- -

40

~26

W 293

E-

AM FPlAYK JOM~
SMAIN CAMh

2 S 4 S a 7 a a Is It

TENSILE STRAIN -IN/IN x 10O3

b) Strain Gages at Deck End Section and Deck Plate Butt Joint.

Figure 6-11. Typical Stress-Strain Curves from Deck/Bulkhead Element
Static Tensile Test.
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The influence of the specimen distortions is illustrated by the stress

envelopes plotted in Figure 6-12. Each stress envelope compares the

maximum and minimum local stresses measured at or near the specimen

mid-section to the average applied stress for average stresses below

the proportional limit. These envelopes illustrate the difference in

stress distribution due to localized and overall bending. The specimen

overall bending primarily resulted from angular distortion at each deck

stiffener butt joint caused by unequal weld shrinkage. The increased

length of the deck/bulkhead specimens compared to the stiffened panel

specimens, coupled with the additional welding at the bulkhead penetra-

tion, served to accentuate the overall bending influence. Localized

bending primarily resulted from the intentional mismatch at the deck

plate and stiffener butt joints.

Photographs of the two deck/bulkhead element specimens taken after the

initial phase of static tensile testing are presented in Figures 6-13

and 6-14. Typical failure details are also shown.

The initial static test of specimen replicate-S2 was terminated when

cracks initiated at three of the four stiffneer butt joints as shown

in Figures 6-14(a) and (b).

Ultimate tensile strengths obtained from the final static tests on the

two weld-repaired and reinforced deck/bulkhead element specimens are

included in Table 6-2 shown previously. Both specimens exhibited higher

strength levels than previous and both exceeded the 3KSES ultimate ten-

sile design allowable. Photographs of the failed specimens after the

final static tests are shown in Figures 6-15 'and 6-16. Failure in

specimen replicate-Sl (Figure 6-15) again initiated in a stiffener butt

joint. This mode of failure recurred since post-failure examination re-

vealed that the reinforcing doublers at the failure site were mislocated

to one side of the weld joint rather than centered across the joint. A

second mode of failure was achieved in specimen replicate-S2. In this

case, failure initiated at the sharp notch where the flange of the
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bulkhead tee stiffener butts the free edge of the deck flatbar stiffener

as shown in Figure 6-16. With this mode of failure, the achieved

ultimate tensile strength was up to 13 percent higher than the strength

level associated with the more critical stiffener joint failure mode.

6.7.2 TENSILE FATIGUE TEST RESULTS - The peak stress magni-

fication factors obtained from the strain survey static tests conducted

on each deck/bulkhead fatigue specimen are presented in Figure 6-17.

As shown, the peak magnification factors ranged from 1.6 up to 2.5 re-

sulting in comparatively low nominal stress levels being selected for

the maximum fatigue cycling loads to minimize strain hardening effects.

Complete tabulations of all strain data obtained from the strain survey

static tests are provided in Section 2 of Appendix F.

Results from the deck/bulkhead element specimen fatigue tests are

shown graphically in Figure 6-18. Individual test data points and an

S-N envelope are shown for each of the two defined specimen categories.

Although the deck/bulkhead element specimens were originally fabricated

as three replicates, degraded fatigue performance from the first two

replicates resulted in a decision to rework the critical area on the

third specimen prior to the start of fatigue testing; This rework was

described in Section 6.6.2 above. Therefore, separate S-N envelopes

are shown in Figure 6-18 for the element specimens as-produced and for

the specimen reworked before testing.

The S-N envelopes shown in Figure 6-18 were defined by theoretically

derived S-N curves drawn through the lowest and highest data points for

each specimen type as previously described in Section 4.7.1.2. Only

those data points representing crack initiation in the first, or most

critical, mode of failure were utilized to establish the S-N envelopes.

The initial crack appearing in each specimen was stop drilled and for

weld repaired. Therefore, a second crack initiating at a different

location on the specimen but following the identical mode of failure

was also considered to be a valid data point reflecting normal scatter.
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This approach served to expand the fatigue data base from the very

limited number of specimens.

In acquiring the maximum amount of data from each specimen, additional

complexities and the possibility of failure interactions were introduced

into the tests. Therefore, the significant results and events from the

fatigue test conducted on each of the three-deck/bulkhead element speci-

mens are summarized below in chronological form.

6.7.2.1 Fatigue Test Chronology-Specimen No. TT802033-1-Fl (As-

Produced) -- Nominal Axial Stress Cyclic Range: 6.5 ksi to 0.65 ksi.

40,000 Cycles - Slight shift noted in data from two strain gages

located in vicinity of subsequent fatigue crack;

shift may signify initiation of fatigue damage.

100,000 Cycles - Initial crack visually detected. This crack,

identified as Crack No. 1 on Figure 6-19, initiated

at the sharp corner formed by the bulkhead tee

stiffener flange intersection with the free edge

of the deck flatbar stiffener. A photograph of

the crack is shown in Figure 6-20(a). Before

test resumption, a 1/8 inch diameter hole was

drilled through the crack leading edge in an

attempt to arrest crack growth.

165,000 Cycles - Second crack visually detected. Identified as

Crack No. 2 on Figure 6-19, this crack was

essentially identical in nature to Crack No. 1.

170,000 Cycles - Enlarged stop hole on Crack No. I to 3/16 inch

diameter.

175,000 Cycles - Enlarged stop hole on Crack No. I to 1/4 inch

diameter; drilled stop hole on Crack No. 2.

177,000 Cycles - Elongated stop hole on Crack No. 1 and enlarged

stop hole on Crack No. 2; radiused corners and

polished surfaces of stop holes.
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165K-NOI
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side) No. 3

400K-

Erection Joint
Stiffener Welds

Erection Joint
Plate Weld

NOTE: Crack visually detected at number of load cycles shown.

JFigure 6-19. Fatigue Crack Pattern -Deck/Bulkhead Element
Specimen No. TT803022-1-Fl.
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226,952 Cycles -Test suspended for weld repairs after Crack No. 1

propagated through stop hole as shown in Figure

6-20(b). To effect repairs, the area around

each crack and stop hole was first routed out

as shown in Figure 6-20(c). Gas tungsten arc

welding with a hand torch was then employed to

fill the routed cavity and form a 1/4 inch mini-

mum radius fillet to reduce the stress concentra-I
tion at the original point of crack initiation.
The weld repair area was blended to a smooth

contour using a rotary file and small sanding

discs followed by rotary brush peening to an

0.004 Almen A intensity. A photograph of the

completed repair at the location of Crack No. 1I

is presented in Figure 6-20(d). All of these re-

apirs were per-ormed with the specimen in the

test setup.I

400,000 Cycles -A new crack, constituting a second mode of failure,

was visually detected. This crack, identified as

Crack No. 3 on Figure 6-19, initiated along the

toe of the deck plate butt weld on the side of

the specimen opposite the flatbar stiffeners.

500,000 Cycles -Testing terminated with Crack No. 3 at 2.1 inches

long. Photographs of specimen no. TT802033-1-Fl

after the completion of testing, including a

detail view of Crack No. 3, are shown in Figure 6-21.

6.7.2.2 Fatigue Test Chronology-Specimen No. TT802033-l-F3 (As-

Produced) -- Nominal Axial Stress Cyclic Range: 6.0 ksi to 0.6 ksi.

50,000 Cycles - Shift noted in data from two strain gages located

in vicinity of subsequent fatigue crack, possibly

indicating early stage of fatigue damage.
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80,000 Cycles -Initial crack, identified as Crack No. 1 on Fig-

ure 6-22, visually detected. This crack initiated

at the ship corner formed by the bulkhead tee

stiffener flange intersection with the free edge

of the deck flatbar stiffener.

$ 270,000 Cycles -1/4 inch diameter stop hole drilled at leading

edge of Crack No. 1. Corners of hole were rounded

and hole surfaces were polished.

* 310,000 Cycles -Second crack visually detected. Identified as

Crack No. 2 on Figure 6-22, this crack was essen-

tially identical in nature with Crack No. 1.

330,000 Cycles -Crack No. 2 stop-drilled in same manner as Crack

No. 1.

480,000 Cycles -Test suspended to remove specimen for weld re-

pairs after Crack No. 1 propagated beyond stop

hole. Weld repairs of Crack No. I and No. 2 were

performed in same manner as described above for

specimen dash no. -1-Fl, except that peening was

omitted and the -1-F3 specimen was optimally

oriented for welding.

710,000 Cycles -A new crack, constituting a second mode of failure,

visually detected. This crack, identified as

Crack No. 3 in Figure 6-22, initiated at the toe

of the fillet weld wrap around the free edge of

a deck flatbar stiffener at its penetration

through the bulkhead plate.

950,000 Cycles -Testing terminated with Crack No. 3 over 2 inches

long and sudden fracture imminent. Photographs

of specimen no. TT802033-l-F3 at the completion

of testing, including a detail view of Crack No. 3,

are presented in Figure 6-23.
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_j. Crack No. 3
710K- -_____

Crack No. 2--, -rack No.1
310K- 80K-

Erection Joint
Stiffener Welds

Erection Joint
Plate Weld

NOTE: Crack visually detected at number of load cycles shown.

Figure 6-22. Fatigue Crack Pattern - Deck/Bulkhead Element
Specimen No. TT802033-l-F3.
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6.7.2.3 Fatigue Test Chronology-Specimen No. TT802033-l-F2 (Re-

worked Before Testing) -- Nominal Axial Stress Cyclic Range: 7.0 ksi to

0.7 ksi.

240,000 Cycles - Initial crack visually detected. This crack,

identified as Crack No. 1 in Figure 6-24, initi-

ated at the toe of the fillet weld wrap around

the free edge of a deck flatbar stiffener at its

penetration through the bulkhead plate. Test

specimen was removed from the setup and weld re-

air of the crack was accomplished using the

techniques previously described except that

peening was again omitted.

320,000 Cycles -Second crack, identified as Crack No. 2 in

§ Figure 6-24, visually detected. This crack was

essentially identical in nature to Crack No. 1.

463,058 Cycles -Testing terminated by specimen fracture propagat-

ing from Crack No. 2. Photographs of this speci-

men at the completion of testing are presented

in Figure 6-25.

6.7.2.4 Discussion and Correlation of Fatigue Test Results --

Without exception, the deck/bulkhead element fatigue tests demonstrated

that the bulkhead intersection area was more critical to fatigue life

than the deck erection joint. At the bulkhead intersection, the cor-

ner formed by the junction of the bulkhead tee stiffener flange to the

free edge of the deck flatbar stiffener was shown to be by far the most

fatigue critical point as designed and fabricated. Special efforts to

rework this critical Junction using improved welding techniques and

post-weld blending yielded nearly 50 percent improvement in fatigue

strength, i.e., from 4.4 to 6.4 ksi maximum nominal axial fatigue

strength at 500,000 cycles endurance. With the reworked junction,

failures initiated at the flatbar deck stiffener penetrations through

the bulkhead plate. This failure mode was also the most prevalent mode
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Crack No. 2-- Crac No.I

/ 240K- 320K-

eld Rework at
Corner of Stiffener
Intersection Prior
to Start of Testing

Erection Joint
Stiffener Welds

Erection Joint
Plate Weld

NOTE: Crack visually detected at number of load cycles shown.

Figure 6-24. Fatigue Crack Pattern - Deck/Bulkhead Element
Specimen No. TT802033-l-F2.
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which occured after repairs were made to the stiffener junction failures.

None of the fatigue cracks or fractures observed in the deck/bulkhead

element test specimenx were attributed to welding imperfections. On

all but one case (which was not the critical mode failure), the speci-

men fatigue fractures initiated at the edges of welds and propagated

through the base match of the continuous deck stiffeners.

Comparisons of the deck/bulkhead element fatigue test results to those

from the stiffened panel fatigue tests (described in Section 5) are pre-

sented in Figure 6-26. As shown, the fatigue performance of the deck/

bulkhead elements fill below the performance of all stiffened panel

specimens. The deck/bulkhead specimens which were tested in the

as-produced condition fell significantly below the lower envolope bound-

ary for the stiffened panels. Fatigue performance from the deck/bulk-

head element which was reworked before testing to improve the critical

stiffener intersection corner was essentially coincident with the lower

boundary of the stiffened panel envelope. The lower boundary of the

stiffened panel envelope was established by specimens with nominal

offset mismatch at all deck erection joint butt joints; the erection

point incorporated in each deck/bulkhead specimen was also fabricated

with the same nominal mismatch at all butt joints.

As previously discussed, the deck/bulkhead element specimens were found

to have significant longitudinal bowing distortions, the magnitudes of

which were generally larger than the similar distortions found in the

stiffened panels. In the deck/bulkhead element fatigue test specimens,

the magnitudes of these longitudinal bowing distortions ranged from 88

to 246 percent of the specified maximum allowable limits. The degraded

fatigue performance of the deck/bulkhead element specimens was partially

atrributed to these distortions since all critical mode failures

initiated at the free edge of the deck stiffener where the distortion-

induced stress magnification was highest. Stress concentrations caused

by abrupt hanges in cross-section at the locations of the two most
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critical failure modes were additional contributing factors to the

degraded fatigue performance of the deck/bulkhead element specimens.

6.8 CONCLUSIONS

The test program described above has produced significant information

on the strength characteristics of assemblies representing the inter-

section of transverse bulkheads with continuous deck structure. These

assemblies were fabricated in a production environment with dimensional

tolerances equal to or greater than established production standards.

Conclusions relative to the static tension and tensile fatigue strength

characteristics are summarized in the paragraphs below. The conclusions

presented are based on the test results presented above and are appli-

cable to the specific weldments and tests delineated herein.

6.8.1 STATIC TENSION -- The results from the static tensile

tests validated the existing design allowable tensile yield and tensile

ultimate strengths for continuous deck structure intersected by a trans-

verse bulkhead. The results demonstrated that the 3KSES welded material

design ultimate strength allowables are realistic for the bulkhead to

deck intersection fabricated with practical tolerances. The results

also demonstrated that the 3KSES design yield strength allowable is

conservative for this type of structure.

Without exception, the critical mode of static test failure in the

deck/bulkhead element specimsn was fracture of the deck stiffener butt

welds at the deck erection joint located away from the bulkhead inter-

section area. Ultimate tensile strengths associated with this mode of

failure were from 6 to 8 percent below the existing 3KSES design

allowable tensile ultimate strength for welded structure. The pri-

mary factors influencing this result were substandard welding quality

where the deck stiffener butt weld intersects the stiffener base

.1 fillet welds coupled with excessive longitudinal bowing distortions.
Although the deck/bulkhead test procedures precluded detailed post-

failure inspection of the area in question, the conclusion of sub-
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standrd welding quality is based on the fact that all of the stiffened

panel specimens containing erection joints met or exceeded the 3KSES

design allowable tensile strength.

With repairs and reinforcements added to preclude failure at the deck

stiffener butt joints, the bulkhead intersection area became the next

most critical mode of static tensile failure. The origin of failure

was the sharp corner where the flange of the bulkhead tee stiffener

interesects the free edge of the deck flatbar stiffener. However, the

ultimate tensile strength associated with this mode of failure exceeded

the 3KSES design allowable strength by seven percent.

6.8.2 TENSILE FATIGUE -- The results from the tensile fatigue

tests demonstrated that the deck/bulkhead element specimens as designed

and produced had substantially lower axial fatigue strengths than the

stiffened panels. This strength difference was primarily attributed to

the abrupt changes in cross section at the bulkhead intersection

coupled with larger longitudinal bowing distortions in the deck/bulk-

head element specimens. When the critical point in the deck/bulkhead
element was reworked before testing, tensile fatigue performance was

improved to the point of being essentially the same as that for the

comparable stiffened panels.

Without exception, the bulkhead intersection was the most fatigue sensi-

tive area in the deck/bulkhead specimens. The sharp corner formed by

the intersection of the bulkhead tee stiffener flange with the free

edge of the deck flatbar stiffener was the critical point of failure

origin for the specimens tested in the as-produced condition. Rework-

ing this critical point before testing using improved welding tech-

niques and past-weld contour smoothing produced nearly 50 percent in-

crease in the tensile fatigue strength attained and shifted the point

of failure origin. With the critical stiffener intersection point

repaired or improved before testing, the toe of the fillet weld around

4the deck stiffener penetration through the bulkhead plate became the

typical origin of failure.
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In summary, it can be concluded that improved design and/or welding at

the junctions of the bulkhead tee stiffeners with the deck flatbar stiff-

eners is required to achieve tensile fatigue performance comparable to

that of the 3KSES basic stiffened panel structure.
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II

7 / THREE-BAY PANEL ELEMENT TESTS

7.1 GENERAL

As the culminating phase of the Panel and Element Structural Test Pro-

gram, combined loading tests were conducted on three-bay length

stiffened panel elements representing an area of the 3KSES sidehull

shell. These tests were performed in general accordance with Test

Plan No. TTPOOO17, Reference 2, to acquire data on the buckling charac-

teristics of flatbar stiffened panel structure subject to combinations

of axial compression and surface pressure loadings. Four test specimen

assemblies were fabricated and subjected to 17 separate test conditions

as summarized in the Test Matrix, Table 7-1, and described in detail

below.

7.2 SPECIMEN DESCRIPTION

All four of the three-bay element assemblies fabricated for testing

were of one basic configuration varying only with respect to stiffener

distortions. The basic specimen configuration, representing a section

of flatbar stiffened panel spanning four transverse frames on the 3KSES,

is illustrated with nominal scantlings in Figure 7-1. As shown in this

figure, each specimen consisted of a plate stiffened by four haunched

flatbar longitudinal stiffeners and two intermediate transverse frame

segments. The panel ends, which coincide with transverse frame loca-

tions, were specially configured to interface with the test fixturing
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and provide moment end fixity restraint conditions. The stub ends of

the transverse frame segments were also configured to mate with test

fixturing load reaction fittings.

Within the basic three-bay element configuration, variations among the

individual assemblies were limited solely to the number of center bay

flatbar stiffeners which were laterally bowed and the magnitude of this

distortion. RHI Drawing No. TT802041 (Reference Appendix A) completely

defined all design aspects and fabrication requirements for the

three-bay element assemblies.

In accordance with the Reference 2 test plan, a total of four assemblies

were manufactured by RMI Production per Drawing No. TT802041. All were

fully inspected and accepted by Quality Assurance. These assemblies

were identified as TT802041-l, -lB, -3 and -9 with center bay stiffener

distortions as noted in Table 7-1. The -1 and -B assemblies were

essentially duplicates. After initial tests were completed on the -3

assembly, this element was reworked by the Rohr Industries Test Labora-

tory to reduce the amount of bowing distortion in all four center bay

stiffeners from 3/8 to 3/16 inch. After rework, the identification of

this assembly was changed to TT802041-3 Mod. Based on test results

from other assemblies, the -9 assembly was reworked by the Rohr Indus-

tires Test Laboratory to duplicate the -3 assembly configuration before

being subjected to any tests. Identification of the reworked -9

assembly was changed to TT802041-3A Mod. All of the rework performed

by Rohr Industries was directed, inspected, and accepted by the RMI

Test Monitoring Organization.

Each of the three-bay element test specimens was manufactured as a

separate assembly of 5456-H116 or H117 aluminum alloy sheet and plate

gas-metal-arc welded with 5556 aluminum alloy filler wire. All

assemblies were initially produced to a nominally straight condition

meeting proposed UKSES acceptance standards. Where required, stiffener

distortions were subsequently produced by laterally deforming the

stiffener outstanding free edges to the specified contour.I B-294



Photographs illustrating two of the three-bay element assemblies after

the completion of fabrication are presented in Figure 7-2. The thin

longitudinal straps (Reference Part No. TT802041-65) shown in the

photographs extending from the assembly ends over the transverse frames

were subsequently cut or completely removed from each assembly prior to

test. This action was taken after re-evaluation determined that the

transvesse-frame stability was adequate without the straps present.

7.3 SPECIMEN PREPARATION

Prior to installation in the test setup, each three-bay element speci-

ment was measured to determine actual dimensions at the locations

indicated in Figure 7-3. Recorded measurements obtained from each

specimen are presented in Table 7-2.

After measurements were completed, each three-bay element specimen was

- I instrumented with a specified array of strain gages. Small self-

adhesive clips were then attached to each specimen as required for sub-

sequent connection to deflection transducer cables. Locations, orienta-

tions and other details of the strain gage and deflection transducer

installations are described below in Section 7.5. When these tasks

were completed, each specimen was ready for installation in the test

setup.

7.4 TEST SETUP AND FIXTURES

All tests on the three-bay panel elements were conducted in the Rohr

Industries Structural Test Laboratory located at the Chula Vista plant.

The setup for these tests centered around a custom rig designed to

properly support and restrain each specimen and apply the requisite

axial compression and lateral pressure loads in any desired ratio.

Detail design, fabrication, assembly and installation of this rig were

the responsibility of the Rohr Industries Test Laboratory working to

J RMI specifications. Features of the rig, which combined standard

laboratory components with special fixturing, are described below.
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(780609-5) Note bowed stiffeners in center
bay of left assembly

r

.J (780609-3)

Figure 7-2. Typical Three-Bay Panel Element Assemblies After

4Completion of Manufacture.
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The basic test setup for the three-bay element tests is depicted in

Figure 7-4. A dominant features of this eetup was the test rig hori-

zontal steel frame which was mounted to the laboratory floor and used

for applying and reacting the axial compression loading. The three-bay

element test specimen was contained inside this frame oreinted with the

stiffener/frame side upward. To provide the required specimen end

moment fixity conditions, the test rig axial loading head was supported

and stabilized by sets of vertical and horizontal links equipped with

spherical bearings at both ends. A spherical bearing lug was also

employed to connect the loading head to the strain gage load cell and

hydraulic actuator, both of which are further described below. A

rubberized fabric water pressure bladder, measuring 96 inches by 38.6

inches by 4 inches deep, was supported in an open-top steel contain-

ment structure located underneath the three-bay element specimen and

mounted from the laboratory floor. Spherical bearing links were also

mounted from the bladder containment structure and connected to lug

fittings installed on the ends of the specimen stub frames. Additional

definition of the custom test rig is provided on Rohr Industries Draw-

ing No. 501-392 (Reference Appendix A).

A view of the basic three-bay element test rig prior to installation

of the pressure bladder is shown in Figure 7-5. After the pressure

bladder was installed and partially filled with water, strips of rubber

sheeting were foled in place along each edge of the bladder, and the

entire surface of exposed rubber was dusted with talcum powder as shown

in Figure 7-6 to reduce abrasion and friction. A slip sheet of poly-

ethylene film was subsequently placed over the top surface of the

bladder to further reduce friction and protect the strain gages in-

stalled on the smooth surface of the test specimen contacted by the

bladder.

A 14 inch bore, 8 inch stroke, commercial style hydraulic actuator

jattached to a dual channel load cell, calibrated to 500,000 pounds load,

was utilized to apply axial compression to the test specimens. A manual
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Vr

Figure 7-5. (790426-3) Load/Reaction Frame Setup for
Three-Bay Element Tests

Figure 7-6. (79-373-2) Pressure Bladder Ready for Specimen Installation.
Note containment rails along sides and ends.
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lever-operated hydraulic pressure pump was employed to allow precise

control of the actuator pressurization. The applied axial load was

displayed to the pump operator on a standard Budd strain indicator

connected to one channel of the load cell. The combined accurary of

the load cell and strain indicator was within one percent of the maximum

capacity as established by end-to-end calibration performed by United

Calibration Corp. prior to the start of testing. This calibration con-

formed to MIL-C-45662A, Reference 14, and was traceable to the National

Bureau of Standards. Pressurization of the bladder utilized to apply

normal surface pressure to the three-bay element specimens was con-

trolled through a manifold connected to the plant tap water supply.

This manifold included a 0 to 50 psig adjustable pressure regulator,

inlet and bleed needle valves, and arelief dump valve set to 40 psig.

A 100-inch mercury manometer connected to the bladder outlet port was

utilized to gain precision in pressurization control and read-out.

The least graduation on the manometer scale was 0.10 inch.

An independently mounted deflection measurement framework was constructed

and installed over the central potion of the load/reaction frame and the

test specimen. This framework mounted a total of 23 deflection trans-

ducers which were connected by wire fishing leader and snap swivels to

the clips attached on each specimen. With this concept, the swivels

could be disconnected and the entire framework readily removed to faci-

litate test specimen viewing, rework and/or replacement. A photograph

of the completed three-bay element combined loading test setup is pre-

sented in Figure 7-7. A close-up view of the installed deflection

transducer framework is shown in Figure 7-8.

7.5 INSTRUMENTATION AND DATA ACQUISITION EQUIPMENT

Standard commercial uniaxial strain gages, Micro-Measurements Type EA-13-

250BG-120(W) were bonded to each three-bay element specimen at designated

locations using Rohr Industires test laboratory standard installation

procedures. Characteristics of the selected strain gages included 1/4

inch gage length, 120 ohm basic resistance, temperature balanced for
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Figure 7-7. (790585-2) Overall View of Completed
Three-Bay Element Test Setup

~%

Figure 7-8. (790613-3) Detail of Deflection Transducer
Installations and Removable Mounting Frame.
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use on aluminum and a rated static strain range of + 0.005. In general,

a total of 58 strain gages was installed on each three-bay 4element

test specimen at the locations and orientations depicted in Figure 7-9.

In accordance with the Reference 2 test plan, these locations were

intended to verify the uniformity of applied loading and determine the

strain distributions under each test condition. As indicated on

Figure 7-9, certain strain gages in locations judged non-critical were

omitted from the final specimen tested (Element No. TT802041-lB). A

total of 23 displacement transducers was mounted in the removable frame-

work previously described to measure specimen deflections at the loca-

tions and orientations shown in Figure 7-10. These transducers were

Research Inc. rotary potentiometers, Model 4046-2, each providing a

2-inch total stroke capability with 0.004 inch resolution.

All strain gages, rotary potentiometer deflection transducers, and the

second channel of the axial compression load cell were connected to a

B & F Instruments Model 256 digital data acquisition system with 260

channel capacity. This data system contained the necessary signal con-

ditioning to output all data directly in engineering units, i.e.,

strain in micro-inches per inch, displacements in 0.001 inch, and

applied axial load in units of 100 pounds. Upon command, the data

system produced a paper tape print-out of the date, time of day, and

all reduced data readings at the rate of 20 channels per second. Rated

range of the B & F data system was + 10,000 units on each channel with

a rated accuracy of + 10 units.

Prior to the start of testing, thebasic B & F data system was calibrated

against voltage standard by the Rohr Industries Test Laboratory Instru-

mentation Group. The voltage standard used, EDC DC voltage calibrator

Model 2902, Serial No. 6447, showed evidence of current calibration by

National Astro Laboratories against National Bureau of Standards cali-

brated standard. Prior to the start of each test condition, all strain

gages were end-to-end calibrated with the assigned data system channels

and connecting cables to the manufacturer's certified gage factor -



I A~

fa a a

-. ,~ml .0~-

V . a6
*EW~ * * .6

-" SN -
* --I" a U

Q0. co

co, r 0

It C oc ,

oc u

wC' v I. -A 'A

-e

B-305



414

4.1 1

0 9
cu 

-

-dt-

4;4
00

-4~~ '4rn~
ca A

414

-J (L Ai
C: w 1, 1 ' Q

4) ci r. -'a

mw 0 w - co.-I ou t >0

44 4I -V-0 0 W E-

00

.o C4) a41 ol .10 A

Ii~~~4 r41'U a ...

14 4.4

C14 M

B-30 6



furnished with the strain gages. At the same time all rotary potentio-

meters were end-to-end calibrated with the assigned data system

channels and connecting cables using precision gage blocks.

In addition to the above instrumentation, two G.L. Collings Model SS-409

LVDT's (Linear Variable Displacement Transformer) with 4-inch stroke

capacity were mounted to measure travel of the test rig loading had

as shown in Figure 7-11. (Measurement of the loading head travel was

essentially a measurement of the test specimen axial deformation.)

The outputs from these LVDT's and the second channel of the axial com-

pression load cell (also connected to the B&F data system) were required'

on a Hewlett-Packard Model No. 7046A X-Y-Y chart recorder. This

recorder handled chart sizes up to 11 inches by 17 inches with a rated

accuracy ± one percent of full scale. The X-Y-Y recorder was calibrated

to plot directly in engineering units; i.e., displacements in inches

and load in pounds. A photograph showing both the B&F data system and

the Hewlett-Packard X-Y-Y recorder setup during test is presented in

Figure 7-12.

Supplementing the above, two Starrett dial deflection indicators were

mounted from the laboratory floor to measure any horizontal displace-

ment at the reaction end of the test rig main frame as indicated in

Figure 7-13. Additional dial deflection indicators were added at

various points during the course of testing to measure specimen plate

edge vertical and stub frame horizontal displacements. The locations

and utilization of these additional indicators are also shown on

Figure 7-13. Each of the dial indicators used provided a total dis-

placement range of 1.0 inch with a rated accuracy of 0.001 inch.

The Rohr Industries Test Laboratory Instrumentation Group was responsi-

ble for the implementation, checkout, and calibration of all equipment

used in the generation of loads and the acquisition of all data during

the courseo.f three-bay element testing. All instrumentation was sub-

* ject to the laboratory's quality assurance provisions instituted to
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preserve data precision and accuracy including National Bureau of

Standards traceability. Calibration systems were in conformance with

MIL-C-45662A, Reference 14. All instrumentation used during the three-

bay element tests displayed evidence of current calibration certifica-

tion.

7.6 TEST PROCEDURES

7.6.1 GENERAL -- In order to obtain the maximum amount of

data from each test specimen configuration, two basic categories of

tests were performed. The first category of testing was intended to

determine the elastic behavior of each basic specimen configuration

-under four test conditions. These conditions included axial compres-

sion loading, normal pressure loading and two combinations thereof.

All strain gage data was carefully monitored during the progress of

each test, and testing was terminated in each case when the onset of

permanent set was detected. This approach was intended to preserve

the original specimen condition for all subsequent tests. The second

basic category of testing constituted a final test to specimen failure

under a slected critical loading condition.

Detailed procedures for all tests are described in the sections below.

7.6.2 PRE-TEST PREPARATIONS - As the first step in prepara-

tion for test, clevis fittings were attached to the stub frame ends of

the selected three-bay element specimen on which strain gages had been

previously installed. After the water pressure bag had been partially

filled, the test specimen was positioned into the test fixture and

loosely bolted to the loading and reaction heads leaving a nominal 1/4

inch gap between the specimen bearing plate and the head at each end.

The stub frame end reaction links were connected to the specimen after

the lengths of these links had been adjusted for proper fit to the

particular specimen. With the specimen properly aligned, the gaps at

each end were filled with liquid Devcon "Plastic-Steel." After the

potting material had cured, the specimen end bolts were tightened to
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provide theprovide the required moment resistant connection. This

end potting technique was employed to assure maximum uniformity of the

applied axial load distribution between the test fixture and the speci-

men.

On the initial three-bay element specimen tested, the two thin straps

incorporated on the specimen to assure stub frame stability in roll were

cut through at one end in each bay. This action was taken to preclude

any incluence on the specimen test performance after a re-evaluation

determined that these straps were unnecessary. On all subsequent speci-

mens, these straps were completely removed to enhance visibility and

access to the specimen during testing.

The deflection transducer framework was then positioned in place and

the transducer lead wires were connected to the specimen. All ins tru-

mentation was connected to the data acquisition system, and each

channel was set to zero, balanced and end-to-end calibrated to read

directly in the appropriate engineering units. When these preparations

were completed, testing was ready to conmmence.

7.6.3 ELASTIC TEST CONDITIONS -- Testing to determine speci-

ment elastic behavior encompassed a total of our separate test condi-

tions as follows:

ja. Normal pressure loading only (applied to the deck plate
side opposite the stiffeners).

b. Axial compression loading only.

c. Axial compression loading combined with a constant normal

pressure of 4 psig.

d. Axial comprssion loading combined with a constant normal

pressure of 8 psig.
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All four of the above conditions were applied to three-bay element test

specimens TT802041-1 (Baseline, all stiffeners initially straight) and

TT802041-3 (all center bay stiffeners initially bowed 3/8 inch). After

completing the four elastic test conditions, the latter of the above

specimens was reworked to the TT802041-3 Mod configuration (initial

bowing of all center bay stiffeners reduced to 3/16 inch), and all four

elastic test conditions were repeated. In addition, the normal

pressure only condition was applied to specimen TT802041-3A Mod (all

center bay stiffeners initially bowed 3/16 inch) to obtain a second set

of data for comparison purposes.

7.6.3.1 Normal Pressure Test Procedures -- For all tests con-

ducted with normal pressure only, the pin through the lug fitting con-

necting the test fixture loading head to the load cell and hydraulic

actuator was removed to preclude axial loading or restraint on the

specimen. Immediately prior to the start of testing, all data system

channels were final adjusted to nominal zero readings and these readings

were recorded. A record of strain gage resistance calibration data was

also produced.

Normal pressure was initially applied to the specimen in increments of

2.0 psig as measured from the mercury manometer. All data was recorded

at each load increment, and the strain data was carefully examined forif evidence of the onset of permanent strain. Real-time plots of the data

from selected critical strain gages were also made to detect the onset

of non-linearity. When indications of possible permanent set were

detected, the applied pressure was reduced to 2.0 psig and all data

was recorded for comparison to the initial data recorded at 2.0 psig.

Whenever the applied pressure was reduced to record such reference data,

the pressure was first reduced to approximately 1.0 psig and then

increased back to 2.0 psig in order to minimize hysteresis effects.
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If permanent strain was not clearly apparent from comparison between

the two sets of data recorded at 2.0 psig, the applied pressure was

increased to the next scheduled load increment. As testing progressed,

the load increments were normally reduced to 1.0 psig. The actual

sequence of test loading/data recording increments is delineated on the

summary table contained in Appendix G for each test conducted. The

process of incrementally increasing the applied pressure load with

periodic returns to the 2.0 psig reference level was continued until

positive evidence of the onset of permanent strain was detected. After

permanent set was detected, final data recordings were made at 2.0

psig and post-test zero load levels. A post-test recording of strain

gage resistance calibration data was also made. At the conclusion of

testing, each specimen remained in the test setup for the next scheduled

phase of testing.

7.6.3.2 Axial Compression Test Procedures -- For all tests con-

ducted with axial compression loading only, the water pressure bag

was partially drained to preclude interference with the specimen buck-

ling behavior. With the hydraulic actuator and load cell disconnected

from the-loading head, all data system channels were final adjusted to

nominal zero readings immediately prior to the start of testing. Both

these readings and the strain gage resistance calibration data were

recorded. After the loading head was reconnected to the load cell and

actuator, the initial zero-load data was recorded.

Axial load was initially applied to the specimen in increments of 2.0

ksi nominal stress hased on the minimum cross section area of each

specimen calculated from the actual specimen measurements. Control

and monitoring of the applied axial load was accomplished using a Budd

strain indicator connected to one channel of the load cell as the mas-

ter source for load readout. All data was recorded at each load incre-

ment with close review of the strain data and real-time plotting per-

J formed as described above in Section 7.6.3.1.
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Whenever possible indications of permanent set were detected, the axial

load was first reduced below and then increased back to the equivalent

of 2.0 ksi nominal stress in order to record comparative data. If

permanent strain was not clearly apparent from comparison between the

two sets of data recorded at 2.0 ksi nominal stress, axial loading was

increased to the next scheduled increment. The actual sequence of test

loading/data recording increments is defined on the summary table con-

tained in Appendix G for each test conducted. The process of incre-

mentally increasing axial load with periodic returns to the 2.0 ksi

reference level was continued until positive evidence of permanent set

was obtained. Final zero-load data recordings were made both prior to

and after disconnecting the loading head from the load cell/actuator

string. Post-test strain gage resistance calibration data was also

recorded. At the completion of axial load testing, each specimen re-

mained in the test fixture for the next scheduled test phase.

7.6.3.3 Combined Loading Test Procedures -- As previously de-

fined, tests to the elastic limit under combined loading encompassed

two test conditions. In both conditions, the normal pressure was

applied and held constant while the axial compression load was incre-

mentally increased. The procedures for both test conditions were

essentially identical except for the magnitude of the applied normal

pressure.

Immediately prior to the start of testing, all data channels were final

adjusted to nominal zero readings. For this process, the water pres-

sure bag was partially drained and the loading had was disconnected

from the load cell/actuator string. Separate recordings of the zero

readings and the strain gage resistance calibration data were made.

A second set of initial zero-load data was recorded after the loading

head was reconnected to the load cell/actuator string.

.1
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The water pressure bag was then filled, and for the first test condi-

tion, pressure was increased to 4.0 psig after which all data was re-

corded. The normal pressure was constantly monitored and maintained

at 4.0 psig through the remainder of the test. Axial load was then

applied Zo the specimen in initial increments of 2.0 ksi nominal stress

based on the minimum cross-section area of the particular specimen.

All data was recorded at each load increment with close monitoring of

the strain data and real-time plotting performed as previously described.

To check for permanent strain, the axial load was reduced below and

increased back to 2.0 ksi nominal stress, while the pressure was main-

tained constant, to record comparative data. Testing continued by in-

crementally increasing the axial load, coupled with periodic returns to

the 2.0 ksi nominal stress. reference level, until firm evidence of

permanent set was obtained. The actual sequence of applied loading!

* data recording increments is delineated on the summary table contained

in Appendix G for each test conducted.

Final data recordings were made after all axial load was removed with

pressure remaining, and after all loading was removed. In the latter

* case, data was recorded both before and after disconnecting the loading

head from the load cell/actuator string. Strain gage post-test resis-

tance calibration data was also recorded.

The entire procedure described above, starting with the zero reading

adjustments to the data system, was repeated with a normal pressure of

8.0 psig applied and held constant. At the completion of this second

test condition, each specimen remained in the test setup in preparation

for the next scheduled test phase.-

After completing both combined loading test conditions, the TT802041-3

specimen was reworked, while installed in the test setup, to the -3

Mod configuration by reducing the magnitude of the initial prebow in

the center bag stiffeners. The full series of tests to the elastic

limit was then repeated on the reworked specimen.
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7.6.4 FAILURE TEST CONDITIONS -- Testing to determine the

ultimate load-carrying capabilities and the failure characteristics of

the three-bay element specimens encompassed two separate test conditions:

a. Axial compression loading combined with normal pressures

applied to the plate side opposite the stiffeness;

b. Axial compression loading only.

For the combined loading tests to failure, the normal pressure was

applied and increased in direct proportion to the axial load. The

ratio of 1.0 psig normal pressure to 0.605 ksi nominal axial compression

stress was selected to duplicate the critical design condition for a

3KSES panel with refined scantlings closest to those of the three-bag

element test specimens. A second criteria for selection of the critical

combined loading condition was a load ratio which was approximately

midway between axial loading only and normal pressure only.

Testing to failure under axial compression only was added after examin-

ing the results from the initial combined loading tests. These results

indicated that the application of pressure to the smooth side of the

plate may enhance the axial load-carrying capability of structure with

haunched flatbar stiffeners.

Tests to failure under the combined load condition were conducted on

three-bay element test specimens TT802041-1 (Baseline; all stiffeners

initially straight) and TT802041-3 Mod (All center bay stiffeness

initially lowed 3/16 inch). Tests to failure under axial compression

only were conducted on specimens of duplicate configurations; i.e.,

TT802041-1B (Baseline) and TT802041-3A Mod (All center bag stiffness

bowed 3/16 inch). Detailed procedures for each type of test to failure

are described in the sections below.
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7.6.4.1 Combined Loading Test Procedures -- Immediately prior

to the start of test, all data system channels were final adjusted to

nominal zero readings and all pretest data was acquired in the same

manner as described in Section 7.6.3.3 above. Testing was initiated

by applying increments of normal pressure and axial load. Pressure

was selected as the independent variable and applied in initial incre-

ments of 2.0 psig. After the pressure increment was applied, the

axial load increment was applied at the ratio equivalent to 0.605

ksi nominal compression stress per 1.0 psig normal pressure. The magni-

tude of the applied axial load at each increment was based on the mini-

mumi cross-section area of the particular specimen computed from actual

measurements. When the applied pressure and corresponding axial load

were stabilized at each increment, all data was recorded. As testing

4 progressed, the loading increments were normally reduced to half the

original magnitude. The actual applied loading/data recording incre-

ments for each test performed are delineated on the appropriate summary

tables contained in Appendix G.

The process of increasing first the normal pressure followed by the

axial load was continued until the specimen load dropped off or the

specimen would no longer accept additional loading. All data was

recorded at each loading increment. After data was recorded at the

maximum sustainable load condition, both the normal pressure and the

axial load were proportionally reduced below and then increased back

to repeat the initial test loading increment, i.e., 2.0 psig pressure

and 1.21 ksi nominal compression stress. After data was recorded, the

pressure and axial load were increased continuously in proportion until

the maximum sustainable post-buckling load was reached at which time

all data was again recorded. Loading was then released to zero, and a

post-test record of strain gage resistance calibration data was

produced.
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For three-bay element specimen TT802041-1 Baseline, Two attempts were

necessary to perform the combined loading tests to failure. The first

attempt was aborted by failure of the hydraulic pump used to apply

axial load. The second, and successful, attempt was conducted as a
continuation with only selected increments from the first attempt

duplicated to obtain comparative data.

At the completion of testing, each specimen was removed from the test

setup and photographs were taken to document the buckling failure modes.

7.6.4.2 Axial Compression Test Procedures -- For the tests to J

failure, all procedures and data acquisition prior to the application of

load were identical to those described above in Section 7.6.3.2. Axial

load was initially applied in increments of 2.0 ksi nominal compression

stress which were reduced to 1.0 ksi as testing progressed into the

higher load levels. The actual test loading/data recording sequences

for each test conducted are defined on the applicable summary table I
contained in Appendix G. Loading was increased until the specimen load

dropped off or the specimen would no longer accept additional loading.

Loading was then reduced to zero and all data was again recorded. On

specimen TT802041-lB (Baseline), axial load was re-applied and steadily
increased until a peak post-buckling load was attained. Loading was

again reduced to zero, and post-test strain gage resistance calibra- I
tion data was recorded.

At the completion of testing, the specimen was removed from the test

setup, and photographs were taken to document the buckling failure modes.

7.7 TEST RESULTS

Complete tabulations of all strain and deflection data recorded during

both the elastic behavior tests and the tests to failure on the three-

bay panel element specimens are provided in Appendix G for reference.

The recorder plots of axial compression load versus loading head travel

(axial displacement) for all tests involving axial load are also pro-

vided in Appendix G.
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7.7.1 ELASTIC LIMIT TEST RESULTS -- The results from all tests

conducted to examine the behavior characteristics of the various three- L
bay element specimens within the elastic regime are summarized in

Table 7-3. From the test data acquired, elastic limit interaction

curves for combined loading were plotted for each specimen configura-

tion as shown in Figure 7-14. This figure illustrates that the elastic

performance of the specimen with the center bay stiffeners pre-bowed

3/16 inch was, in general, superior to that of the baseline specimen

with all stiffeners initially straight. The baseline specimen exhibited

overall superior performance only when subjected to axial compression

without normal pressure. Except for loading under normal pressure only,I

the specimen configuration with the center bay stiffeners prebowed 3/8

inch exhibited significantly degraded performance levels.

Plots of the more significant strain data recorded from each specimen

and associated elastic test condition are presented in Figures 7-15

through 7-18

sum. ri. e in IUR Table 7-3ULT As se frmThe resultsfo the faluetcon-

7ai7ur FAILUREe TES RtSLT -fThorsltrfo threbylmntscinsae tesso

fuaied conuTae on3 the forsee-ba frmteeets cie faire lon

ditions and characteristics for specimens with the center bay stiffeners

prebosed were essentially identical to those for the specimens with

initially straight stiffeners. This result was applicable both to

tests conducted with combined axial compression and normal pressure

loading as well as tests with axial compression loading only. Com-

parison of the failure test results presented in Table 7-3 also shows

that the simultaneous application of normal pressure had no effect on

the axial compression failure stress for the specimens with initially

straight stiffeners. For the specimens with prebowed center bay

stiffeners, the simultaneous application of normal pressure caused only

slight degradation (less than 5 percent) in the axial compression stress

at failure.
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16 Legend:-O-------.OBaseline (All stiffeners initially straight)
.--- &Center bay stiffeners prebowed 3/16 inch
------------------- --- Center bay stiffeners prebowed 3/8 inch

14 - --

TT802041-3 Mod.

12 A
T802041-1

TT82041-3

8

(.1 6 TT8020-3A Mod.

2

0

0 2 4 6 8 10 12

AVERAGE AXIAL COMPRESSION STRESS -KSI

Figure 7-14. Elastic Limit Test Interaction Curves f or
Three-Bay Panel Element Test Specimens.
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Comparison of the three-bay element ultimate failure loads to the elas-

tic limit interaction curves is graphically depicted in Figure 7-19.

-- i Figure 7-20 presents the recorder plots of applied axial load versus

axial displacement for each of the four tests to failure. These

curves exhibit a relatively sharp decline in load-carrying capability

after failure occurred in specimens subjected to combined axial com-

pression and normal pressure loadings. For the tests conducted with

axial compression only, no such decline was observed for the same

specimen axial displacement.

Plots of the more significant measured strains versus nominal axial

compressive stress for each of the three-bay element specimens tested

to failure are presented in Figures 7-21 through 7-24.

Photographs of the four three-bay element specimens after the tests to

failure are presented in Figures 7-25 through 7-28. These photographs

illustrate the specimen failure modes including the plate buckling and

the stiffener bulkling and crippling patterns.

During the tests to failure, waviness of the plate was the initial

instability mode observed in all cases. As the axial loading was in-

creased, stiffener buckling became evident. Regardless of whether the

stiffener was initially prebowed or not, the initial observed stiffener

buckling in each bay formed three half-waves. This buckling pattern

is clearly evident in the nearest bay shown in Figure 7-26(c). The

final failure mode for the tests conducted with combined axial com-

pression and normal pressure loading was stiftfener crippling adjacent

to the frame penetrations as shown in Figures 7-25 and 7-2 7. The

ultimate failure mode for the tests conducted with axial compression

loading only was stiffener crippling at the mid span of the center

bay as shown in Figures 7-26 and 7-28.
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Legend:-O------.QBaseline (All stiffeners initially straight)
-&b-----Center bay stiffeners prebowed 3/16 inch

36 - - -.9.Center bay stiffeners prebowed 3/8 inch

Solid symbols depict specimen ult. failure

32 1
Combined Load Test Failures

28

24

20

16

12S N

4\

11 T Axiil Compression
Test Failures

0 0 4 8 12 16 20 24

AVERAGE AXIAL COMPRESSION STRESS - KSI

Figure 7-19. Comparison of Elastic Limits and Ultimate Failures for

Three-Bay Panel Element Test Specimens.
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Three-Bay Panel Element Tests to Failure.
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Figue 724.Strain Plots for Three-Bay Element No. TT802041-3A Mod,
Figue 724. Axial Compression Test to Failure (Page 1 of 2).
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Figure 7-24. Strain Plots for Three-Bay Element No. TT802041-3A Mod,
Axial Compression Test to Failure (Page 2 of 2).
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a) (790594-1) Stiffener Side Overall View.

L

b) (790594-2) Plate Side Overall View.

Figure 7-25. Three-Bay Element Specimen No. TT802041-1 (All Stiffeners
Initially Straight) After Combines Axial Compression/

j Normal Pressure Test to Failure. (Sheet 1 of 2)
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c) (790594-12 Center Bay Detail View.

7%.

d) (790594-.11) Center Bay Oblique View.

Figure 7-25. Three-Bay Element Specimen No. TT802041-041-1 After
Combined Axial Compression/Normal Pressure Test to
Failure. (Sheet 2 of 2)
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4..

a) (790791-4) Stiffener Side Overall View with Approximately
105,000 Pounds Residual Axial Compression Load Applied to
Specimen.

1
-T-

b) (790833-1) Plate Side Overall View.

Figure 7-26. Three-Bay Element Specimen No. TT802041-1B (All Stiffeners
Initially Straight) After Axial Compression Test to
Failure. (Sheet 1 of 2)
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c) (790791-i) Aft End View Illustrating Stiffener Buckling
Patterns Under 105,000 Pounds Residual Compression Load.

d) (790791-3) Detail View of Center Bay (105,000 Pounds
} Residual Compressive Load).

Figure 7-26. Three-Bay Element Specimen No. TT802041-lB After
Axial Compression Test to Failure. (Sheet 2 of 2)
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a) (790657-2) Stiffener Side Overall View

-II

b) (790657-4) Plate Side Overall View

Figure 7-27. Three-Bay Element Specimen No. TT802041-3 Mod. (All Center
Bay Stiffeners Prebowed 3/16 Jack) After Combined Axial
Compression/Normal Pressure Test to Failure. (Sheet 1 of 2)

I
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c) (790657-6) Center Bay Axial View.

d) (790657-1) Center Bay Oblique View.

Figure 7-27. Three-Bay Element Specimen No. TT802041-3 Mod. After
Combined Axial Compression/Normal Pressure Test to
Failure. (Sheet 2 of 2)
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a) (790792-3) Stiffener Side Overall View.

A.'

A4:

Figure 7-8 The-a lmn Specimen No. TT802041-3A Mod. (All
Centr By Siffner Preowe 3/6 Ich)After Axial



7.8 CORRELATION ANALYSIS OF THREE-BAY PANEL ELEMENT TEST

DATA -- The data obtained from the three-bay panel test are evaluated

in order to compare the test results with the elastic structural

hevarior predicted by analytical solutions. The interprotation of test

data together with sample calculations will be presented. The detailed

discussions will be concentrated toward the verification of the test

results inconjunction with the analytical methods and assumptions.

Complete data obtained from strain gages and deflection indicators will

be made available in the appendix.

The following various test configurations for the three-bay stiffened

panels under uniformly distributed axial loading will be considered.

a. Stiffened panels with surface pressure

b. Stiffened panels without surface pressure

c. Initially straight stiffeners

d. Prebowed stiffeners

Several areas of particular interest on the existing design strengths

and the future structural optimization for the buckling and the ulti-

mate compressive strength of stiffened plates, correlation of test

results with predicted allowables using analytical methods, and con-

clusion and recommendation will be convered in this section.

7.8.1 BUCKLING STRENGTH OF STIFFENED PLATE -- It is difficult

to determine precisely the load at the exact instant of plate buckling.

This is due to several uncertainties such as initial nonflatness of the

plate, local yielding in weldments, out of plane bending in the plate

due to eccentric loading, mislocation strain gages. It should be

noted that the plate buckling initiates before it can be detected by

visual inspection.

7.d.1.1 Determination of Buckling -- Experimentally, there are two

-wtds commonly used to determine plate buckling; the "stain reversal" and

f-taie-knee" method.
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The strain reversal technique requires a more accurate placement of

strain measurements with closer mesh of data points. The state of

strain reverses from compression to tension on the convex side of the4

surface, this indicates buckling is taking place. On the other hand,

the strain of the concave side shows a sudden increase of strain rate.

It is obvious that location of strain measurements are very critical,

thus highly sensitive to the results. However, the strain measure-

ments can be made coincidently with the peak buckling amplitude when

the buckling mode shape is well defined, then, the "strain reversal"

technique will be superior to determine the buckling load.

The nonlinear structural behavior can best be described by load versus

deflection curve. *The "top-of-the-knee" technique utilizes the change

of compression stiffness of the plate element as a result of in-elastic

behavior of an indication of load distribution within the structural

elements. This precludes the buckling phenomena. The location of the

"top-of-the-knee" on the load deflection curve is not always obvious.

However, it is generally conservative. In this evaluation the "top-

of-the-knee" method is used to establish buckling loads of various test

specimens. "strain reversal" method will be used whenever verifications

are required.

7.8.1.2 External Load Versus Plate Normal Deflection -- Uni-

formly distributed compressive load versus deflection normal to the

plate for various test configurations are shown in Figures 7-29 thru

7-32. The critical plate buckling load for the case of prebowed

stiffener without surface pressure is reduced by about 4% from the

buckling load of initially straight stiffener configuration. This

indicates that the effectiveness of edge constants of prebowed and

initially straight stiffeners is not substantial. The deflection at the

center of plate (deflection indicator D72) in Figure 7-30 shows an

I erratic behavior in comparison with the deflection measured for the

plate element supported by straight stiffeners as illustrated in

Figure 7-29. It can be observed from Figure 7-29 that the measurements
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THREE-BAY ELEMENT NO. TT802041- lB -
(Flatbar stiffeners initially straight)
AXIAL COMPRESSION TEST WITHOUT SURFACE PRESSURE

0

"Top of knee"

z

Center

200

t ~~ 0.9 in

PLT NOuiAL BELETIy - NC

.1+
Figue 729.ExpeimetalPlae Buklig Lad EleentNo.TD7204-

Axia Load Only'I+
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THREE-BAY ELEMENT NO. TT802041-3A Mod
(Flatbar stiffeners prebowed 3/16 inch)
AXIAL COMPRESSION TEST WITHOUT SURFACE PRESSURE

-z 6000

D66-

z 5000

D72

D78

4000 
qc'=4230

c  14.8 ksi

' lpff0

o 3000- - +
Deflection q

U.) 2000- 66_ -

' < ~Center/  ) t!

Bay

DU72

1 000- (- D78

t = 0.286 in. 7
-0.1 0 0.1 0.2 0.3

PLATE NORMAL DEFLECTION - INCH

Figure 7-30. Experimental Plate Buckling Load - Element No. TT802041-3A Mod,

Axial Load Only.
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THREE-BAY ELEMENT NO. TT802041-1
(Flatbar stiffeners initially straight)
COMBINED AXIAL COMPRESSION AND SURFACE PRESSURE TEST

SInitial Buckling
qc 3860 lb/in; Ap 22 psig

"Top of knee" Buckling
qc " 4560 lb/in; Ap =26 psig
c - 15.7 ksi

6000 C _____o__

z D66--\

z1
5000

Q 4000-

0
3000 Deflection qc

2000- - D66
Center !

Day H +
I D72 I,

1000-
t v = 0.290 in.

oequiv. f If

0 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6

PLATE NORMAL DEFLECTION - INCH

Figure 7-31. Experimental Plate Buckling Load - Element No. TT802041-,

Combined Axial Load and Surface Pressure. ..
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THREE-BAY ELEMENT NO. TT802041-3 Mod.
(Flatbar stiffeners prebowed 3/16 inch)
COMBINED AXIAL COMPRESSION AND SURFACE PRESSURE TEST

6000- 6

z 5000- '-7

W X q 4500; Ap=26 psig

~ 4000-'0

z 3000-
14 ~Deflection q

S 2000 D66
Center

Bay +7

~ 100 0. 286 in.

0 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6

PLATE NORMAL DEFLECTION - INCH

Figure 7-32. Experimental Plate Buckling Load -Element No. TT802041-3 Mod,
Combined Axial Load and Surface Pressure.
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for strain gage D72 exhibits a closer resemblance with the stiffeners

curve for an integral structure.

7.8.1.3 Comparison of Test Results with Analytical Buckling

Stress -- Theoretical plate buckling stress for simply supported panel

subjected to uniformly distributed axial load is given by (for Fcf

= 26,000 psi).

2

FI 1 2 (K-* ) E (tlg .p..i (Ref. 18, Table 6-3)

where, cp 2 pf)
K = 3.56 V3+(fc/f ) 2.25 + (f /f ) c/f

s

for f = 0 K = 4.0
s

t = 0.208 inches (plate thickness)
p

b - 20.0 inches (width of plate)
p

E t 10.0 x 106 psi (young modulus)i- Etest

K19 =1 (from Figure 6-11) for b/a = 10/36, fS/fp = 0

Substituting these values into the equation

FI = 4 X T2 x 10.0L x 106 x ( 0208/10)2 12 (1-3.03332) = 15,990 psi

7.8.1.4 Surface Pressure Effects on Plate Buckling Strength --

There were no noticeable effects on the stability of the stiffened plate

when subjected to axial compression with surface pressure. Figures 7-31

and 7-32 shown the plate deflections for straight and prebowed stiffened

panels tested under surface pressure loading. It can be observed that

the stability of the plate with prebowed stiffeners is slightly im-

proved with the aid of the surface pressure. The combined loading

caused the utilization of the prebowed stiffener.

B
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7.8.2 ULTIMATE COMPRESSIVE STRENGTH OF STIFFENED PLATE -- The

buckling strength of the stiffened plate depends on various parameters

such as plating thickness, aspect ratio of the individual elements,

straightness of stiffeners, the effectiveness of mutual support between

elements, modulus of elasticity and yield strength of each material.

The theoretical methods used to predict buckling loads for panels

stiffened with flat bars are linear solutions and do not account for

changes in modulus beyond the propartional limit and warped or bowed

characteristics of elements. The correlation of analytical predictions

and test results compares the predicted failure of the panel with the

experimentally determined buckling strength located by the "top-of-the-

knee" method.

7.8.2.1 Theoretical Critical Stresses -- The following sample

evaluations indicate the analytical methods of failure prediction used

in the 3KSES project and in the three-bay panel element tests.

Column buckling allowable - stiffener/plate combination

a. Based on yield F ff= 26,000 psity

b. Based on crippling F = 19,900 psicc

Based on yield Fty = 26,000 psi:

K4 = 0.816 based on yield

C-K *L. ftty)" = 0.816 x0 3..6 .26o = 1.65
4 r' E/ 0.892 ko 4 ~\I. 4XlOV]

for 1.4 <c <4.8

Fc = (1.235 - 0.168c) Fty 1.235 - 0.168(1.65) * 26,000

- 24,903 psi

if pinned K4  1 1 C - 2.018 1.4 <c <48

4if fixed K4  0.5 C =1.01 CI.0 1.4
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for column allowable

F c 24,900 psi (23,298 psi pinned)

F c-FtM 26,000 for fully fixed

Based on crippling:

F cc- 19,900 psi - see calculations.

F ty= 26,000 psi cut-off-

Stiffener C Mid Span-: -2 22 0.75

F cw .4f 2 6,54 0ps (12.4) '10) 61 (3.201

2854 pi use 26,000 psi

Stiffener_@ Support:

FL .342 (26,000 x 10.4 x 106) 1.65

22,942 psi

Plate -Axial:

F = 0.366 [26000)(10.4)(10)61;1 2x.208 7
cpa I 10

t 028b 10 b =8.32
p p p

F -17,531 psi
cpa

Plate - Pending:.7

-p .366 [(26,000)(10.4)(10)J ( 22

F cp-20,123 psi
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Plate Buckling Stress: a V
for p -0.33 T2  2)T0.2

12 (1- i)=0.2I

FLAT PLATE a KC ME t 2I 1 283

cr 12 (1irP4) I
where M-1

a. All sides simply supported: K 4.0
C-

= a = 36 6)(208 2
b - 10 a0c - (4.0) (0.923) (l0.4x10 1
a/b =36a cr= 16,612 psi

b. Loaded edge clamped: K =4.35
c

c 4r35 (16,612) =18,066 psi

c. One edge free & 3 edges s/s

Ref: Table 6.3 TER037

Flatbar flange: F - .385 (10.4)(10) 6~ 265
cr O

-30,452 psi

d. Ultimate buckling allowable:

B - (10/.208) ( 6,0x0 6 ) 2.4

for B> 1.25 F 26,000 2.25 -1.252) 1,2ps
u 2.4 2.42)=1,1 s

Column Buckling Allowable:

Stiffener/plate combination (axial only)

F (26,000) (3.01) (,.2625) + (17,531) (10) (.208) -19,862ee (3.01) (.2625) + (10) (.208)

L E

K4 - 0.816 L-36 r -0.892

(.816) (36) (10.862) 1.44
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for 1.4 < c < 4.8 1'=1.235 -. 168 (1.44)] 19,862

F= 19,725 psi

7.8.2.2 Experimental Determination of Buckling of Composite

Elements -- The compressive load on the composite panel versus strains

at mid span and of end supports are plotted in Figure 7-33 through

7-36 for different test specimens. The panel loaded with only axial

load exhibited a "top-of-the-knee" for stiffeners located at midspan

as well as at end supports. As can be seen in Figure 7-33 and 7-35

the midspan of panel stiffener is more critical.

The panel loaded axially combined with surface pressure shows a "top-

of-the-knee" for the support locations and the mid span being relatively

unloaded at the free edge due to pressure effect as indicated in

Figures 7-34 and 7-36. These stiffeners were critical at the free

edge rather than at the supports.

7.8.3 DISCUSSION OF RESULTS -- All four test panels exhibited

considerably higher experimental buckling loads than predicted by analy-

sis with approximately 10% additional past buckling strength before

total collapse.

Theoretical versus test values of plate buckling and composite buckling

failure for a panel loaded in compression only are illustrated in

Figure 7-37. It can be observed that plate buckling values for test

and prediction are very close where the actual material modulus values

are used in the prediction. Top of the knee values for stiffened panel

showever, show about 40% above the predicted values where design yield

allowable were used in the analytical equations. On the other hand,

when the actual yield values of the panel material are used in the

prediction, the results compare with the theoretical analysis. The

post buckling strength remains about 10% above the "top-of-the-knee"

buckling value. This is considered to be adequate to offset any detri-

ment to strength caused by allowable plate or flat bar warpage or bow.
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THREE-BAY ELEMENT No. TT80204 1-lB
(Flatbar stiffeners initially straight)
AXIAL COMPRESSION TEST WITHOUT SURFACE PRESSURE

Plate Buckling (Ref .); q - 4670, ac = 16.0 ksi

(Ref. Fig. 7 )

Stiffener Buckling; =c 5250

& Failure; =c 54

6000-

0 00

SG 21 G00/1 t equiv 0.292 in.

4000- Weff

L_8 32 injI

SG 19120- 47/48" Lp 0 SG 21

z 3000- q

SG 0 SG 1_

L) 2000-Cne

SG 191 SG20

E_ 10001
:3 Area SG 471 SG 48

01 1
-. . 101 23

STIFFENER AVERAGE AXIAL STRAIN (CA) -IN/IN x 10-

Figure 7-33. Experimental Stiffener Buckling Load - Element No. TT802041-lB,
Axial Load Only.
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THREE-BAY ELEMENT No. TT802041-1
(Flatbar stiffeners initially straight)

COMBINED AXIAL COMPRESSION AND SURFACE PRESSURE TEST

A Plate Buckling (Ref.); qc " 4560; p = 26 psig

°'c = 15.7 ksi, (Ref. Fig. 7-

4iStiffener Buckling; qc 5350

Failure; qc = 5940

6000 -- -- -- .

, = A

5 000--

os5000 SG 19 20

St y 0.290 in.

weff
4000" 8

82 n 
SG 47148

__________ SG 0/1

R3000 Uq
Wi c

. CombCnte Aia l ad anuCritical Area

Bay I

0G 

0

-10--.4 20

STIFFENER AVERAGE AXIAL STRAIN (CA) - IN/IN x 10 -

Figure 7-34. Experimental Stiffener Buckling Load - Element No. Tr80204l-l,
Combined Axial Load and Surface Pressure.
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THREE-BAY ELEMENT No. TT802041-3A Mod.

(Flatbar stiffeners prebowed 3/16 inch)
AXIAL COMPRESSION TEST WITHOUT SURFACE PRESSURE

/A Plate Buckling (Ref.); " - 4230, a = 14.8 ksi

(Ref. Fig. 7

Stiffener Buckling; qc = 5080

Failure; q 5640

6000

, 5000.

t equiv. = 0.286 in.

" 4000
, SG 47/48 8.32 i

o 3000-
Hq

0c

2000, Center SG 0 SG I

H Areaj
SLeft Rt.G

CA 2

0.
-3 -2 -0 1 2

STIFFENER AVERAGE AXIAL STRAIN (e A ) - IN/IN x 10

.1
Figure 7-35. Experimental Stiffener Buckling Load - Element No.

TT802041-3A Mod., Axial Load Only.

B-357



AD-AOB7 437 ROHR MARINE INC NATI ONAL C ITY CA F/G 13/10

UNLSIID SURFA CE EFFECT SH IP STR UCTURAL PRODUCIBILITY. PART lIAYA N55477U 22

EEEE0 NhEEEEE7-C2hEEECLAEEEEIEEEEE



11111I co  , 4 III 1 jj32.

IIII1 IIII U6l
11111111I6

1..25 ~f~~ j .

MICROCOPY RESOLUTION TEST CHART

NAT..,NAl B IH 4 Atl ' A-.,N I [11 , '-

So



THREE-BAY ELEMENT No. TT802041-3 Mod.
(Flatbar stiffeners prebowed 3/16 inch)
COMBINED AXIAL COMPRESSION AND SURFACE PRESSURE TEST

- I ~Plate Buckling (Ref.); q - 4500; p- 2 6 psig
a- 15.7 ksi, (Ref. Fig. 7 )

c

&Stiffener Buckling; qc 5250

& Failure; q c 5710

6000-

* E*

0 5000-

-~4000- e- -. _____

U i-8-2' 4...I

AP ",,SG 19/20

o 3000-q

~' 2000 SO -
Critical

Areaquiv. 0.286 in

ISG 19 ISG 20 quv
Center I_ _ _

~ 00 Bay :SG 47 SG 48

-10 -8 -6 -4 -202

STIFFENER AVERAGE AXIAL STRAIN (eA) -IN/IN x 10-

Figure 7-36. Experimental Stiffener Buckling Load - Element No. -

TT802041-3 Mod., Combined Axial Load and Surface Pressure.
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1.2

1.2 Pe Stiff./PlateSymbol Plate Stffener Collapse 29.3 ksi
Predicted 

_

Allowable --lee p. 7-
i. i -- Test -O- -

1.0 M F t . - 26.0 ksi lap C(

b . Design

TEST "Top of knee"
r Stiffener Bucklingr -25.ks , C_ - 2.5 X 10-

S0.9- cr
Fig. 7- . Etest , 0 psi

PREDICTED Stiff. Crippling Allow.

0. Using test properties

0.8F -23 ksi, Ref. p. 7-

W>4---PREDICTED Stiff. Crippling Allow.
z 1.44Using design properties; Ft- 26 ksi

0.7 F Fc  19.7 ksi. Ref. p. 7-.

1.5

Factor of PREDICTED Plate Buckling Allow.Safety F/ cr 66 ksi; Ref. p. 7-.

0.6- -TEST, "Top of knee"

M EST7 , , ,, ,,.
SCrc - 16.0 ksi; Ref. Fig. 7-.

0. 5 tLimit Design

DEFLECTION

Figure 7-37. Relation of Predicted Allowable vs. Test Results for

Three-Bay Element Subject to Axial Compression Load Only.
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A comparison between ultimate strengths of bowed and straight flatbar

stiffened panels is illustrated in Figure 7-38. Straight flatbar

stiffeners show very slight increases in strength than those with 3/16"

mid-span bow. This could indicate that the bow had no significant

effect on compressive strength of the test panels.

The aspects ratio a/b - 3.6 of test panels, however, caused plate buck-

ling in 3 half waves in the 36" panel lengths. The design formulas for

critical stress values are presented in Reference 18, hence, some of

the formulas for predicting buckling limits are given below.

Design Formulas for Critical Buckling Stresses

A. Plate buckling (critical) stress.
, Eir2

Fcr FI K 12 (I-P)(K19 b )2

t
p

Fty = Tensile yield stress

FL - proportional limit stress

(for very long plates) 3.56 V3 + fcp 2 .25 + (fcT.P -Cfs F fsi

For fs - shear stress - 0 K - 4.0 (see Ref. DDS 1100-3 page 4)

Kig -1.0 for b/-a 10/ 36  0.278

If FI < FL Critical buckling stress F - F - FI

. F
if FI > FL FT, ty

1 + FI(Ft -F1)

* 2

B. Stiffener Buckling Stress

Critical buckling stress of flatbar based on plate analysis with one

edge free and 3 edges simply supported.

F -0.383 ( )2 tw = thickness of stiffenercr 'h
m

hm a height of stiffener at mid span
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F
If F > FL F ty (See Reference Peery,

cr+ (FtyF)2 FL Aircraft Structures)

(F )r

C. Ultimate Plate Buckling Stress
b F

if B < 1.25 F - F
-FU ty 2

if B > 1.25 Fu F (2.26/B - 1.25/B2 )

Uty

D. Column Buckling Allowable

C(K~ 0 .) column factor

where K is partial end finity coefficient K4  0.816
44

(Reference DDS-100-4, Strength of structural members)

If C < 1.4 (sheet columns) F - F-- c ty

If 1.4<C <4.3 (medium olumes) Fc - (1.235 - 0.168C)Fty
72

If C>4.8 (long columns) Fc = (t Fry

E. Column Buckling Allowable Based on Crippling
. t 3/4

Bar at support Fcws - 0.342 ty.E()
s

t 3/4
Bar at midspan F - 0.342 VF • E' (T)cwm ty E

m 3/4

Plate (pending) F -p 0.366 " E
cp ty Vp

Plate (axial) F -0. 366 /F - E 2tp3/
cpa vty Eb

( E
-6or

b
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If stiffened plate combination is used
L Fcc

C K4r E
F h t +F b t

Fcc - cwm m w cpa p p
h t b tm w+ p p

K4 - 0.816 (partial fixity)

if C < 1.4 F' - Fcc
c

if 1.4 <C <4.8 F- - (1.235-0.168C) F
c cc

if C > 4.8 F' - (T 2 Fcc

The panel dimensions used in predicting theoretical stress values are

illustrated in Table 7-4 and Table 7-5. The material properties of each

test specimen are given in Table 7-6. Using the actual panel dimensions

and material properties given in Tables 7-4 through 7-6. The predicted

design values for plate buckling, column buckling, crippling and

stiffener buckling are obtained and shown in Table 7-7.
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Table 7-4. Panel Dimensions used in Theoretical
Correlation Analysis

b t h t h t
SPECIMEN p p 2 2 3 3

IDENTIFICATION (in) (iii) (in) (in) (in) (in) r

041-1 10.0 .208 3.047/4.030 .263 3.000/4.101 .256 .906/.884

041-B 10.0 .208 3.987/4.019 .261 3.032/4.047 .264 -e"3/.901

041-3A Mod 10.0 .203 2.956/4.000 .252 2.930/3.967 .256 -874/.868

041-3 10.0 .210 3.028/3.981 .257 2.998/3.967 .255 -891/.878

~4t3

STRAIN GAGES b ....... STRAIN GAGES

0,1,2/19,20,21/47,48,49 p - 5,6,7/30,31,32/52,53,54

t - plating thickness
P

h - stiffener height (midspan height/end support height)

r - radius of gyration - ( /A) midspan/end support
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7.9 CONCLUSIONS

The following conclusions are based on the results of the three-bay

panel element static tests described in previous sections and are appli-

cable to these specific specimen configurations and tests.

1. All test specimens continued accepting load well into the

elasto-plastic region which is not taken into consideration

by the 3KSES analytical approach.

2. The presence of lateral prebowing (up to 3/16") in the flat-

bar stiffeners has little, if any, effect on the load-

carrying capability of the structure either at the elastic

limit or at failure.

3. Flatbar stiffeners with 3/8 inch lateral prebow considerably

degrade the load-carrying capacity of the structure within

the proportional limit.

4. Within the tested range of combined loads, the proportional

application of normal pressure to the plate side of the

test specimens with simultaneous axial compression load had

little effect on the nominal axial compression failure stress.

B
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8 / SUPPLEMENTAL TESTS

8.1 GENERAL

During the course of the panel and element structural test program,

additional requirements for engineering data were identified in three

separate areas beyond the scope of the Reference I and 2 test plans.

This data was needed to substantiate design concepts and to evaluate

a potential approach for structural weight reduction. The three areas

of data needed included transverse direction mechanical properties for

5456-HIII aluminum extrusions, the effects of high strain rates on

5456-H117 aluminum mechanical properties, and allowable limits for

sidehull fence bearing on drydock cap blocking. After literature

searches proved unsuccessful, a brief test program was conducted for

each of the three areas of need.

Complete descriptions of these supplemental tests including rationale,

objectives, results and conclusions are presented below. The extrusion

directional property tests are presented in Section 8.2; the high

strain rate tests, in Section 8.3; and the cap block bearing tests, in

Section 8.4.

8.2 EXTRUSION DIRECTIONAL PROPERTIES

8.2.1 OBJECTIVE AND SCOPE -- Extruded shapes used in the design

of the 3KSES hull structure can be subject to significant stresses
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acting in directions perpendicular to the extrusion longitudinal axis.

Therefore, the need was established for information concerning the

strength of 5456 aluminum alloy extrusions in the transverse directions.

A brief survey of available mechanical property data was conducted, but

no data was located for either the transverse properties or the expected

variation in the directional properties of these extrusions. A minimal

test program, as described below, was then implemented to acquire ex-

ploratory information.

The primary objective of this investigation was to determine, from one

representative extruded shape of 5456-HIll aluminum alloy, the variation

in mechanical properties for three mutually perpendicular directions.

Specific data to be acquired included tensile yield strength, tensile

ultimate strength and elongation. Data was to be obtained from an

"H"-section extrusion in the web longitudinal, web transverse, and

flange transverse directions. Four test samples in each direction were

planned.

8.2.2 SPECIMEN DESCRIPTION - All of the test specimens were

obtained from a length of 5456-HIll aluminum alloy "H"-section extru-

sion per Federal Specification QQ-A-200/7. Dimensions of the extru-

sion and the locations and orientations of the individual test specimen

blanks are depicted in Figure 8-1(a). The test specimens were machined

from these blanks to the configurations shown in Figure 8-1(b).

Dimensions of the test specimen reduced sections were in conformance

with the requirements for the Subsize Rectangular Tension Test Specimen

per ASTM-E8-78 Reference 19. Dimensions of the specimen end grip areas

were modified from those shown in the ASTM standard. Actual cross-

section dimensions for each specimen tested are tabulated with the test

results in Section 8.2.5.
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WL1 1/4-
WL2

"H" EXTRUSION 1/4

a) Specimen Locations and Orientations

[ L

B - B-

HEIIS IO=S - ITT/

STMOL fL&tT FT

A 1/4 1/
S1/2 1/2

G 1.ooo .. o00o .oo]
L 4 3

1/4 1/4
T 114 1/4

.20 .0 .Z30:t.002

b) Test Specimen Dimensions

Figure 8-1. Extrusion Properties Test Specimen Locations

and Dimensions.
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8.2.3 TEST SETUP -- All tests were conducted at the Rohr Indus-

tries Mechanical Test Laboratory using the 50,000 pound capacity Instron

Model TTK-50 Universal Testing Machine previously described in Section

4.4.1. Wedge type grips were used to connect to the specimen ends. A

standard class B-1 extensometer with a one-inch gage langth was aligned

and attached to gage marks scribed on the reduced section of each speci-

men. This extensometer was wired to the Instron test machine servo

recorder to provide a load versus strain curve.

8.2.4 TEST PROCEDURES - Prior to test, the actual width and

thickness at the rediced section of each specimen was accurately mea-

sured and recorded. Each specimen was then mounted in the test machine

grips and the extensometer was attached. When preparations were com-

4 plete, loading was applied. The rate qf loading was controlled to

produce 50 ski (reduced area stress) per minute. This rate was main-

tained through the specimen yield as indicated on the recorded chart.

The extensometer was then removed and the rate of loading was increased

by switching to a preset head travel rate of 0.2 inch per minute. This

rate was maintained until specimen fracture. Measurements of the total

elongation at fracture were obtained for each specimen after test.

8.2.5 TEST RESULTS -- Data obtained from the extrusion direc-

tional properties tests are presented in Table 8-1 and plotted in

Figure 8-2. The average values for each group of data are also shown

in Figure 8-2. The highest values of ultimate strength and ductibi-

lity were measured for the web transverse direction; lowest values for

these parameters were measured in the web longitudinal direction. How-

ever, yield strength was highest in the web longitudinal direction and

lowest in the flange transverse direction. The maximum spreads in the

individual test data points for ultimate strength, yield strength and

elongation were 6.3., 20.6 and 16.7 percent respectively. For the test

data group averages, the corresponding spreads were 3.2, 14.5 and 13.1

percent.
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Table 8-1. Extrusion Directional Property Test Data

Specimen Test Section Dimen. Tensile Tensile
Specimen Width Thickness Area Yield Ultimate Elongation
ien (idt Thine A Stress Stress

Ident. (in) (in) (in2) (ksi) (ksi) (percent)

WL-1 .2460 .2530 .0622 30.5 47.0 22.7
WL-2 .2455 .2528 .0604 31.5 48.4 21.7
WL-3 .2437 .2535 .0618 29.9 46.1 22.1
WL-4 .2408 .2530 .0609 30.8 47.6 21.8

WT-1 .2441 .2520 .0615 27.8 48.8 25.0
WT-2 .2443 .2530 .0618 27.0 48.5 24.8
WT-3 .2450 .2517 .0617 28.2 49.0 24.5
WT-4 .2466 .2518 .0621 27.9 48.7 25.8

FT-1 .2470 .2456 .0607 26.9 47.8 22.8
FT-2 .2470 .2438 .0602 26.9 48.2 24.6
FT-3 .2468 .2445 .0603 27.2 48.1 24.0
FT-4 .2435 .2455 .0598 26.1 48.5 24.2

Measured in 1.0 inch gage length

I
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8.2.6 CONCLUSIC,-S -- Based on the results of the tests de-

scribed above, the 5456-Hill aluminum alloy H-section extrusion exhib-f

ited the highest ultimate strength in the web transverse direction and

the lowest in the web longitudinal direction. However, yield strengths

of this extrusion were highest in the web longitudinal direction and

lowest in the flange transverse direction. Therefore, the use of pub-

lished longitudinal direction ultimate strength data for 5456-HIll

extrusions may tend to be conservative for loadings applied in the

transverse directions. By contrast, the use of published longitudinal

direction yield strength date may tend to be unconservative by as much

as 13 percent when applied to loadings in the transverse directions.

8.3 HIGH STRAIN RATE TESTS

8.3.1 OBJECTIVE AND SCOPE -- It is well known that the strength,

elongation, and other mechanical properties of metals are more or less

dependent on the strain rate employed during the tests conducted to

measure these properties. This strain rate sensitivity varies with

different metals and alloys among other factors, but in general, most

metals tend to exhibit higher strength with increasing strain rate.

Among the highest structural design loads for the 3KSES are those of an

impulsive nature, e.g., bow slamming. In certain critical design cases,

the rate of 3USES structural loading (strain) is more than two orders of

magnitude greater than the strain rates employed during standard coupon

tests to determine mechanical properties. A potential for UKSES struc-

tural weight reduction would therefore exist if an increase in the

structural material allowables could be established for the impulsive

loading strain rates. A survey of available data revealed a limited

amount of information on the strain rate sensitivity of several alumi-

num alloys, but no data was located for type 5456-H116 plate or welded

joints. A test program, as described below, was therefore implemented

j to acquire data for design guidance.
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The primary objective of this experimental investigation was to deter-

mine the room temperature strain rate sensitivity of butt welded 0.250

inch thick 5456-H1116 aluminum alloy plate over a range of strain rates

extending from 0.05 per minute to 1.0 per second. Specific data to be

acquired at each strain rate included tensile yield strength, tensile

ultimate strength, percent elongation and actual recorded load versus

elongation curves. Yield strength and total elongation data for both

2 inch and 10 inch gage lengths were required.

The lover boundary of the planned range of test strain rates, 0.05 per

minute, was selected to match the standard rate employed by Rohr

Industries for coupon mechanical property tensile tests. The planned

upper boundary test strain rate was selected, as described below, to

exceed the loading strain rate predicted for the 3KSES structure. The

predicted time history for a 3KSES bow slam impulse loading condition

is shown in Figure 8-3. The two load rate lines superimposed on this

figure depict both the maximum instantaneous and the average loading

rates. Rate magnitudes were based on the premise that the structure

reaches material yield strength at the peak imposed load. Using 0.005

as the approximate total strain at material yeild, the maximum instan-

taneous loading rate shown in Figure 8-3 equated to a strain rate of

0.25 per second. For conservatism a planned boundary test strain rate

of 1.0 per second was established.

A complete matrix of the planned tests is presented in Table 8-2.

8.3.2 SPECIMEN DESCRIPTION -- All of the specimens for this

investigation were obtained from four essentially identical transverse

welded flat plat assemblies fabricated per RMI Drawing No. TK801021

(Reference Appendix A). The plate material was 0.25 inch thick

5456-H116 aluminum alloy per Federal Specification QQ-A-250/20. These

plates were square groove butt welded single pass from one side using

type 5556 filler wire and grooved, anodized aluminum backup bars. The

gas-metal-arc welding process was employed. Both the face and root weld
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Table 8-2. Planned High Strain Rate Test Matrix.

Gage Length Strain Rate
(in/i /sec) Specimen

Quantity
2 10 .000833 .04 .2 1.0

X X 2
X X 3
x x 3
X X 4

X X 4
X X 4
X X 4

Total. 24

CL SYM

L

i_1
• 50 GButt WeldT- L

.75 :

.125 " -15R

DIMENSIONS - INCH

SYMBOL SPECIMEN GAGE LENGTH

2 10
G 2.00 10.00
A 2.25 11.00
L 8.0 17.0

Figure 8-4. Specimen Configurations for High Strain Rate Tests. -.
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bead reinforcements were subsequently removed flush to the base metal

surface. All welds were 100 percent radiographically examined, and all

met Class 1 acceptance standards per NAVSEA 0900-LP-003-9000, Reference

20. Each welded plate assembly, with a finished size of 17 by 24 inches,

was identified A, B, C, or D.

A total of 48 individual test specimens were machineed from the plate

assemblies per RMI Drawing No. TK801021. One group of 24 specimens

was machined in accordance with the requirements of ASTM E8-78 (Ref-

erence 19), Figure 6, Standard Specimen, Sheet Type to provide 2-inch

gage lengths. The second group of 24 specimens was machined to the

same standard except that the gage lengths were increased to 10 inches.

The configurations and dimensions of these specimens are illustrated

in Figure 8-4. Twelve specimens of each gage length, randomly selected

from the four welded plate assemblies, were retained for testing by

Rohr Marine. An equivalent group of 24 machined specimens was supplied

to the Naval Ship Research and Development Center.

8.3.3 SPECIMEN PREPARATION -- Prior to test all surfaces of

each machined specimen were hand worked with emory cloth to a surface

finish of approximately 16 micro-inches. Appropriate gage length marks

were then added to each specimen by scribing or center punching.

8.3.4 TEST SETUPS -- Four of the 24 specimen tests were con-

ducted at the Rohr Industries Mechanical Test Laboratory. These tests,

requiring the lowest strain rates, were conducted in the 50,000 pound

capacity Instron Model TTK-50 Universal Testing Machine previously

described in Section 4.4.1. Wedge type grips were used to connect to

the specimen ends. A standard Class B-1 extensometer of the appropri-

ate gage length was attached to the reduced section of each specimen

and wired to the Instron servo recorder to provide a load-strain curve.

B-379



The remaining 20 specimen tests, including all of those requiring

accelerated strain rates, were conducted at the General Dynamics Convair

Division Mechanical Test Laboratory located in San Diego. These tests

were conducted in an MTS 909.95 closed loop test system setup as shown

in Figure 8-5 using wedge grips for connecting to the specimen. A

calibrated, strain gaged, slip type extensometer of appropriate gage

length was attached to the specimen as shown in Figure 8-6. The exten-

someter strain gage was wired to the MTS system X-Y recorder to provide

load-deformation curves for tests conducted at the lower strain rates.

When testing at the higher strain rates, it was necessary to connect

the extensometer and the test machine load cell to an oscilloscope. A

Polaroid camera attachment was used to record the displayed load versus

elongation traces.

8.3.5 TEST PROCEDURES -- Prior to test, the actual width and

thickness at the rediced section of each specimen was accurately mea-

sured and recorded. Each specimen was then mounted in the test machine

grips and the proper length extensometer was attached. The test machine

loading head travel rate was preset based on the specified strain rate

and the specimen gage length. When all preparations were complete, the

test machine was started and loading was continued uninterrupted until

specimen fracture. All but three of the specimens were tested at the

planned strain rate; tests on these three were performed at one-half

the planned strain rate.

For the tests conducted at Rohr, the extensometer was removed from the

specimen after the chart recorder indicated that the yield point had

been attained. At Convair, the extensometer normally remained in

place. When the oscilloscope was utilized, the Polaroid camera attach-

ment was triggered manually.

Recorded data for each test included the load-strain charts and/or

Polaroid prints and the loads at failure. Measurement of the total

elongation at fracture was also recorded for each specimen after test.
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8.3.6 TEST RESULTS -- Data obtained from the high strain rate

tests conducted under the direction of Rohr Marine are presented in

Table 8-3 and graphically displayed in Figure 8-7. As shown in Figure

8-7 the test results show slight decreases in the ultimate strength and

the yield strength for a 2-inch gage length between the standard static

test strain rate and the lowest of the accelerated strain rates. These

parameters remained essentially unaffected as the strain rates were

increased up to the maximum values tested. For yield strength in a

10-inch gage length, the upper boundary of test values decreased with

increasing strain rate, but the lower boundary remained flat over the

full range of strain rates tested.

Representative load versus strain curves recorded during testing are

presented in Figures 8-8, 8-9 and 8-10.for selected specimens. Figure

8-8 compares the load-strain chart records for typical 2-inch and

10-inch gage length specimens tested at the standard strain rate used

for coupon static tests. A stress instability observed for certain

aluminum alloys tested at low strain rates, the Portevin-Le Chatelier

effect, is readily apparent as serrations in the load-strain curve for

Specimen D-18. Although not recorded, this effect was also observed

for Specimen A-17 at higher strain levels. In fact, this instability

was apparent in all specimens tested at the lower strain rates.

The load-strain oscilloscope traces shown in Figure 8-9 for 2-inch gage

length specimens show little or not variation over the range of accele-

rated strain rates. Similar traces presented in Figure 8-10 for 10-inch

gage length specimens reflect essentially the same lack of variation.

In both of these figures, the oscillations visible in the linear por-

tions of the load-strain curves were attributed to "ringing" of the

slip extensometer caused by the sudden onset of loading at the high

strain rates.

B3
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Table 8-3. High Strain Rate Test Results
(All specimens transverse butt welded)

Test Seie etSc.Dmn

Gauge Strain Specimen Specimen Test Sect. Dimen. Yield Ultimate Elong. Load-Strai
Length Rate Ident. Stres Stress (%) Curve
(in) (in/in/Sec) (in) (in) (in2) (ksi) (ksi) Fig. No.

2 1.0 A-19 .4995 .2465 .1231 20.6 41.4 11.0 ----
1.A A-20 .5005 .2505 .1254 20.9 40.7 11.5 8-9(a)
1.0 B-6 .5135 .2525 .1297 20.2 40.1 12.5 ----

.5 A-18 .4890 .2495 .1220 19.7 41.0

.2 A-21 .5010 .2495 .1250 21.0 40.6 11.5 8-9(b)

.1 A-22 .4990 .2510 .1252 21.0 41.5 12.0 8-9(c)
B-7 .5140 .2525 .1298 20.4 40.5 12.5 ----

.04 A-23 .5050 .2540 .1283 18.7 39.8 11.0 ----

.04 A-24 .5090 .2520 .1283 20.6 40.1 10.5

.04 B-8 .5055 .2525 .1276 20.1 40.3 11.5 8-9(d)

.000833 A-17 -  4930 .2545 .1255 21.5 43.4 11.2 8-8
2 .000833 B-5 '  :5110 .2552 .1304 21.1 42.6 10.9

10 .2 C-19 .4970 .2535 .1260 27.0 40.1 2.2 ----
.2 C-20 .4945 .2520 .1246 26.6 39.6 2.4 ----
.2 D-19 .5180 .2505 .1298 26.8 40.0 2.9 8-10(a)
.2 D-20 .5210 .2505 .1305 26.4 40.2 3.0 ---

.04 C-21 .4925 .2550 .1256 26.7 39.8 2.5 ----

.04 C-22 .4900 .2530 .1240 26.5 39.5 2.4 ---

.04 D-21 .5210 .2470 .1287 26 40.4 2.6 8-10(b)

.04 D-22 .5095 .2535 .1292 25.7/A 39.4 2.1 ----
26.5L

.000833 C-U& 4992 .2560 .1278 26.4 41.9 2.7 --

.000833 C-1 ~ .4995 .2560 .1279 26.0 41.8 2.7

.000833 D-17 .5245 .2530 .1327 27 9/ 43.0 3.2 8-10(c)
28.6A

10 .000833 D-18 .5185 .2565 .1330 27.4/ 42.7 3.4 8-8
128.;&

/ .2% offset based on specified gage length.

4 Tested at one-half planned strain rate.

Tests conducted by Rohr Industries.

A4 First value from oscilloscope trace/second from chart recorder.
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2000 MUi Ii

1000 EE E _ _

0 .002 .004 .006 0 .002 .004 .006
(a) 1.0 in/in/sec Strain Rate (b) 0.2 in/in/sec Strain Rate

3000 MEMNO__U...----I-
2000 mi iu__
1000 E E E_ __I.E ____

0 .002 .004 .006 0 .002 .004 .006
(c) 0.1 in/in/sec Strain Rate (d) 0.04 in/in/sec Strain Rate

Figure 8-9. Typical Load-Strain Curves for 2-Inch Gage
Length Specimens at Accelerated Strain Rates
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Figure 8-10. Typical Load-Strain Curves for 10-Inch Cage
Length Specimens at Accelerated Strain Rates
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Post test examination of the failed specimens revealed that, in all

cases, fracture occurred along a 45 degree plane through the specimen

thickness. This plane traversed from the approximate center of the

weld fusion area on the face side to the edge of the fusion zone on

the root side. Examination under lOX magnification revealed the pre-

sence of some microporosity in the fracture surfaces, but no attempts

were made to quantify the amounts. The weld fusion zone external sur-

faces exhibited pronounced "orange peel" texture and considerable

necking. A band of reduced necking was evident in the heat affected

zone extending approximately one-half inch beyond the boundary of the

florange peel'' on each side of the weld joint.

8.3.7 CONCLUSIONS -- Based on the results of the high strain

rate tests described above, transverse butt welded 5456 aluminum alloy

plate exhibited no increases in yield strength or ultimate strength

with increasing strain rates extending beyond the predicted 3KSES

impulsive loading rates. In fact, slight decreases in these strength

values, indicating a negative strain rate sensitivity were measured

when test strain rates were increased from the standard static test
rate (0.000833 per second) to a rate of 0.04 per second. Further

increases in strain rate up to the maximum test rate of 1.0 per second

produced no further change indicating an apparent lack of strain rate

sensitivity.

8.4 KEEL CAP BLOCK BEARING TESTS

8.4.1 OBJECTIVE AND SCOPE -- In drydocking the 3KSES, the

optimum arrangement for supporting the ship would be wood blocking piers

spaced under the length of each sidehull heel.. If proven feasible, this

proposed arrangement would maximize access to the hull and minimize the

quantity of blocking required.

The configuration of the sidehull fence caps which form the keel members

on each side of the 3KSES is semi-cylindrical with a diameter varying

from 3 inches near the bow to 12 inches at the stern. With blocking
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positioned only under the sidehull keels, predicted cap block bearing

stresses exceed those permitted by Reference 21 for more conventional

positioned only under the sidehull keels, predicted cap block bearing

stresses exceed those permitted by Reference 21 for more conventional

hull forms and may cause excessive crushing of the cap blocks. A brief

test program, as described below, was therefore implemented to acquire

data for evaluating the proposed 3KSES drydock blocking arrangement.

The primary objective of these tests was to investigate the performance

of both Douglas Fir and White Oak cap block timbers when loading in

bearing by forms duplicating the maximum and minimum sidehull fence cap

radii on the 3KSES. Tests were planned on timbers in the dry

as-received condition and after 24 hours submergence in seawater. Test

loads were planned to duplicate the maximum calculated knuckle loading

as well as the calculated critical condition keel uniform loading.

Specific data to be acquired included applied load versus deformation,

deformation versus time for constant load, ultimate load at fracture and

post-test permanent indentation measurements.

A complete matrix of the seven planned tests is presented in Table 8-4.

8.4.2 TEST SPECIMEN AND FIXTURE DESCRIPTIONS - For the pur-

poses of this investigation, only the cap block members were defined

as test specimens. Each test specimen consisted of a pair of 6 x 10

x 30 inch long timbers which were marked to maintain serialized pair

identity. Three such specimen pairs were Douglas Fir to be tested in

the as-received condition. A fourth specimen pair was Douglas Fir to

be tested after being submerged a minimum of.24 hours in seawater

obtained from San Diego Bay. Three additional specimen pairs were

White Oak; two of these were to be tested in the as-received condition

and the third after a minimum of 24 hours submergence in seawater.

Two additional 6 x 10 inch White Oak timbers 24 inches in length were

employed as foundation members and were considered part of the test

fixturing. These foundation members were used in the as-received
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condition for all tests. Timber stocks for all of the above were pur-

chased new to match the types and quality of wood regularly procured

by various San Diego shipyards for use as blocking. Actual cross-

section dimensions of the timbers as received were 5.5 by 9.5 inches

for the Douglas Fir and 6.0 by 10.0 for the White Oak.

Two dummy keel forms were fabricated from aluminum per RMI Drawing No.

TT801100 (Reference Appendix A) for use is applying the test loads to

the cap block specimens. Both keel forms were semi-cylindrical in cross-

section with a 24-inch length. The aft keel form (Assy No. TT8O1lOO-l)

was fabricated with an outside radius of 6 inches; the forward keel

form (Assy No. TT801100-5), with a radius of 1 1/2 inches. A fabricated

aluminum spacer assembly was employed with the forward keel to provide

adequate working clearance. A simple bearing plate was used with the

aft keel form.

8.4.3 DESCRIPTION OF TEST SETUP -- All of the cap block bear-

ing tests were conducted at the Rohr Industries Mechanical Test Labora-

tory using the 300,000 pound capacity Tinius Olsen Universal Testing

Machine previously described in Section 4.4.1. Each test was wetup, in

this machine as shown in Figure 8-11(a) or (b). For each test, a

serialized pair of test specimen cap block timbers was positioned at'

right angles atop the two oak foundation blocks centered on the test

machine base. All timbers were placed withthe 6 inch cross section

dimension normal to the base. The bearing plate for the aft keel form

or the spacer assembly for the forward keel was attached to the test

machine upper head oriented such that the keel axis would be aligned

to the transverse centerline of the cap blocks. The appropriate keel

form was then positioned across the cap blocks producing a nominal 20

inch length of bearing contact.

As shown in Figures 8-11(a) and (b), two dial deflection gages were

positioned at each end of the keel form. These gages were set up to

indicate the deformations of the cap blocks only as well as the combined

deformations of the cap and foundation blocks.I B-391
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(780578-1) Setup with 6-Inc Radius Aft Keel Form.

I I

(780608-1) Setup with 1-1/2 Inch Radius Forward
IKeel Form

Figure 8-11. Keel Cap Block Bearing Test Setups
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8.4.4 TEST PROCEDURES -- After the basic test setup was com-

pleted, shims were added between the test machine upper head and the

bearing plate or spacer assembly as required to achieve uniform keel

contact across the cap blocks. These shims were adjusted for each set

of cap blocks tested.

Immediately prior to the start of loading, with slight clearance above

the keel form, all dial gages were set to zero readings. Test loading

was then applied according to prescribed schedules and loading rates.

The loading schedules for all tests consisted of several phases per-

formed in sequence as described below. Details of the schedule followed

for each test are shown with the test results in Section 8.4.5.

Except for Test No. 2, loading during the initial phase was applied in

10,000 pound increments up to 67,000 pounds Cequvalent to the calculated

3KSES maximum uniform keel block loading.) Loading was momentarily

held at each increment for data reading and recording. In the second

phase of all tests except Test No. 2, a load of 67,000 pounds was

applied and maintained for 30 minutes. Data was recorded at intervals

during this period. For tests using the forward keel form, loading was

then incrementally increased from 67,000 pounds until major failure

of the cap blocks occurred by splitting or crushing. Data was recorded

at each increment. For those tests conducted with the aft keel form,

loading was incrementally increased from 67,000 to 106,000 pounds

(equivalent to the calculated UKSES maximum knuckle block bearing load).

The 106,000 pound load was then applied and maintained for periods

ranging from 15 to 30 minutes. Data was again recorded at each incre-

ment and time interval. For the final phase of Test No. 4 using the

aft keel form, loading was incrementally increased from 106,000 pounds

until cap block failure occurred. In all of the above cases, the

applied load was reduced to zero between successive phases to record

permanent set data.
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For the initial phase of Test No. 2, loading to 67,000 pounds was

applied and released five times in succession followed by one load

application to 106,000 pounds. These loads were applied and released

at uniform rates with short holds only at the peak and zero points of

each cycle to record data. Subsequent phases for Test No. 2 included

a 30-minute hold at 106,000 pounds followed by incrementally increased

loading to cap block failure.

In general, a loading rate of 5000 pounds per minute was employed.

However, when prescribed loading increments were large and the effects

of time were to be minimized, loading rates were selected to fully

apply or release the load in approximately one minute.

Cap block indentation depth and width measurements were corded after

all tests were completed.

8.4.5 TEST RESULTS -- The detailed loading schedules and the

reduced deflection data from all seven cap block bearing tests are pre-

sented in Tables 8-5 through 8-11. Test observations and failure modes

are also included in these tables.

The full history of applied load versus cap block penetrations depth

for Test No. 2 is presented in Figure 8-12. The penetration depths

plotted in this figure are the averages of the cap block deflection

dial gage measurements obtained at each end of the keel form. From

Figure 8-12, it is apparent that repeated applications of the calculated

maximum uniform keel loading had little influence on the depth of cap

block penetration. Application of the calculated knuckle loading

initially increased the penetration depth approximately 50 percent to

0.64 inch. A repeat application of the knuckle loading, which was held

for 30 minutes, increased the penetration depth to 0.82 inch. As load-

ing was further increased, failure of the cap blocks by longitudinal

splitting did not occur until the applied load reached 150 percent of

the knuckle loading. Plots of cap block penetration depth versus E
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applied load for the tests conducted with the 6 inch radius aft keel

form are presented in Figure 8-13. Similar plots for the tests con-

ducted with the 1-1/2 inch radius forward keel form are shown in

Figure 8-14. In both Figures 8-13 and 8-14, the plotted curves repre-

sent the average of the penetration depth measurements obtained at each

end of the keel form. The curves have also been adjusted to eliminate

the penetration depth increment produced during each cycle of unloading

to obtain permanent set data.

From Figure 8-13 it can be seen that the performance of dry Douglas Fir

was nearly identical to that of soaked White Oak when each was sub-

jected to the maximum keel uniform loading. After one-half hour, aver-

age penetration depths were approximately 5/16 inch. Under the knuckle

block loading, soaked White Oak showed-*approximately 10 percent more

penetration depth than dry White Oak, but average penetration depths

for both remained below 1/2 inch. With dry Douglas Fir, the penetra-

tion depth caused by knuckle loading was slightly more than 11/16 inch.

The dry Douglas Fir cap blocks subsequently sustained a loading of
7,750 pounds per inch of bearing length, or nearly 50 percent above

the knuckle block loading, before significant longitudinal fracturing

occurred. By contrast, the White Oak cap blocks which had been soaked

in seawater sustained more than 15,000 pounds per inch without fracture

or significant crushing.

From the results presented in Figure 8-14 for the 1-1/2 inch radius

keel form, it can be seen that the cap block average penetration depths

under the maximum uniform keel loading reached approximately 5/16, 3/4,

and 1 inch for dry White Oak, dry Douglas Fir- and soaked Douglas Fir,

respectively. Taken in the same order, significant longitudinal

fractures occurred in the cap blocks at applied loads which were 200

percent, 80 percent, and 50 percent above the maximum calculated uni-

.1 form keel block loading. Phtotgraphs illustrating fracture and crush-

ing of the dry Douglas Fir cap blocks, when loaded to failure with the

1-1/2 inch radius keel are shown in Figure 8-15.
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(780608-2) Front View

I,"

(780608-3) Rear ViewFigure 8-15. Dry Douglas Fir Cap Block Failures with 129,000
Pound Load on 1-1/2 Inch Radius Keel
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Curves depicting the measured increases in cap block penetration dept-

under sustained constant loading for the conditions tested are pre-

sented in Figure 8-16. From these curves, it is evident that the rate

of increase in penetration depth declines asymptotically with elapsed

time. However, for two of the conditions tested, measured penetration

depths were approaching stability at the end of the relatively short

30-minute period during which data were recorded.

A photograph illustrating the post-test permenent indentations in all

seven of the cap block specimen pairs is shown in Figure 8-17. Measure-

ments of the indentation depths and widths are presented in Table 8-12.

8.4.6 CONCLUSIONS -- Based on the results of the keel bearing

tests described above, cap blocks of both White Oak and Douglas Fir

demonstrated bearing capacities exceeding calculated requirements for

the 3KSES. For the aft knuckle area, White Oak cap blocks proved

capable of sustaining nearly triple the calculated maximum load require-

ments without fracture or excessive crushing. For the same application,

dry Douglas Fir cap blocks exceeded requirements by only 50 percent

before significant fracturing occurred. In addition, the effect of

24-hour soak was to increase penetration depths by 1/6 inch or less.

The keel bearing test results also demonstrated that only White Oak cap

blocks were acceptable for use under the forward portion of the ship

where the keel radius was as small as 1-1/2 inches. However, for the

major portion of the 3KSES keel length from the knuckle area forward,

the tests showed that Douglas Fir cap blocks would combine large reserve

bearing capacity with higher compliance to be tter equalize bearing load

distribution along the keel length. The location at which the diminish-

ing keel radius would require a transition from Douglas Fir to White

Oak cap blocks was not established.
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Legend: Uniform Block Load (3350 lb/in)
----------Knuckle Block Load (5300 lb/in)U
DF - Douelas Fir
WO0 - White Oak
AR - As-Received
S =24-hour Soak in Seawater

6"1 Rs DF/AR\

.12 1_ __ _ 1/2" , W AR

/O/

/~ ~ 1/2 1/2 R, F/

.0

/R WO/AR

.04 6/2R,D/S

6" R, DF/AR

02

S0

0 10 20 30 40 50

ELAPSED TIME UNDER LOAD-MINUTES

Figure 8-16. Cap Block Penetration Depth vs. Time Under Load.
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From the above, it can be concluded that appropriate positioning of a

combination of White Oak and Douglas Fir cap blocks along the length of

the 3KSES keels would sustain the maximum calculated 3KSES docking

loads with sufficiently large reserve capacity. Therefore, the pro-

posed optimum arrangement of blocking under the 3KSES sidehull keels

only has been proven feasible with regard to cap block bearing strength

considerations.

1
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APPENDIX A / DRAWINGS

This appendix contains copies of all drawings prepared to meet require-

ments of the Panel and Element Structural Test Program. Drawings defining

the test specimen fabrication assemblies, individual test specimens, and

specially developed test fixturing are included as listed below.

The interrelationships of all structural panel drawings, structural ele-

ment drawings, and the associated fixturing drawings are charted in

Figure A-1 which follows the drawing listings.

A.1 ROHR MARINE INC. DRAWINGS

A.l.l FABRICATION ASSEMBLY AND TEST SPECIMEN DRAWINGS

DRAWING REVISION NUMBER OF DRAWING
NUMBER LETTER SHEETS TITLE

TT802015 A 2 Plate Weldments, Transverse Butt,
Structural Test

TT802016 A 1 Test Specimens - Welded Plate,

Static Test

TT802017 A 1 Plate Weldments, Transverse Cruci-
form, Structural Test

TT802018 A 1 Plate Weldments, Transverse Tee,
Structural Test

TT802019 A 1 Test Specimens - Welded Plate Ten-
sile Fatigue Test

TT802020 A 1 Test Specimens - Welded Plate
Bending Fatigue Test
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DRAWING REVISION NUMBER OF DRAWING

NUMBER LETTER SHEETS TITLE

TT802021 A 1 Plate Weldments, Transverse
Butt Weld Imperfections,
Structural Test

TT802022 A 2 Test Article Assembly - Stiffened
Panel, Tensile Static and Fatigue
Tests

TT802023 A 2 Test Article Assembly - Stiffened
Panel, Compression Buckling Test

TT802024 A 5 Fabrication Assembly - Flatbar
Stiffened Panels, Structural Test

TT802032 1 Fabrication Assembly - Deck/Bulkhead
Intersection, Structural Element
Test

TT802033 I Test Article Assemblies - Deck/Bulk-
head Intersections, Tensile, Static
and Fatigue Tests

TT802041 1 Test Article Assemblies - 3-Bay
Panel Element, Combined Loading
Tests

TK801021 1 Welded Plate Assembly/Specimens,
Dynamic Strength Tests

A.1.2 FIXTURE DRAWINGS

DRAWING REVISION NUMBER OF DRAWING
NUMBER LETTER SHEETS TITLE

TT10001 -- 1 Full Size Template, Bowed Flatbar

TT801100 -- 1 Keel Assemblies, Cap Block Loading
Tests, 3KSES Drydocking

TT802014 A 1 Test Fixture and Installation -
Compression (Modification)

TT802025 2 Test Fixture (Modification), Tensile
Static and Fatigue Stiffened Panel

TT802028 -- 1 Tooling Holes Drill Fixture

TT802029 -- 2 Specimen Drill Fixture

TT802042 -- 1 Rod Eye and Stud, Structural Test
- 3KSES
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A.2 ROHR INDUSTRIES INC. DRAWINGS

DRAWING REVISION NUMBER OF DRAWING
NUMBER LETTER SHEETS TITLE

501-392 -- 3 3KSES Program, Three-Bay Panel
Element Test Fixture

.1
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-? .A.313 -

-3 .313 .13 - -

3.00

Li - ~.315 .313
-85 .3l .3 -

-161 .31 S .313
*-I09 .750 .750 1

1145 f. 37ES .30

t- i -I,), J13 .313

1.1 .375 .30

-I 1 .313 313

2.0- -Ells .315 .313 -.1. .5

-&00 .313 31 S . 9.6

Zen20 .200 .373 A. I.8

-l .313 .6 9.8

1.50 .3 13 .313 A4 9

.1___ .3. .313 .313 . 9 6
~.o[--44j .313 Si !6 9 a

U ~ - 140 - .4 .
-30 .160 - .4
- 1 .1 - -S

-:307i AS)1 .3

RE 5j .21 - .5 9.4)

-40i -W . 190

40-

-,7.190 Ito

-13- -.-'1
aAE 7165-



-417 a>.UNTRIMMED PANEL WI.DIJENT 10 BE SUPPLIeD BY STRLIerURVS
FE4INI~fRtIN. eUT SPtysMew BLANKcS AND T-be TO 317V5 SHOWN

21 ON If0. LAYOUT OF 5rE1CIMeNS ON PANEL WeLOMENT TO BE
.423 COORDINAED WIT04 COANVIZANT STRUCTRE Cii4tIIEK.

9::,- I.SOO WID'TH SECTION TO BE CfIIRE ABOUT CL0 orloDRILL
-429 TOOLIN4 HOLES WITH4IN .010.- THE ENDS OF NHE 1.500 WIDTH
Am 1-0 's TRAwfHT PORTION IIHALL E&0 DIPPER IN WI3Ts4 SY MORE ?%AN

.004. THE~ WIDTH Al EITI END OF THIS SIRA1IEN PORTION
SH4ALL lOT SE *OWV 11 15 GMRI TVAN 7E II
AT THE CENTIER.

gt! ROUND OFF CON4EffS A..40 WAND POLISH PLATE rWOES OVIER
FULL LEN'.TI Of ROU~tD WIDTH SECTION TO REMIOVE ALL NICK$S,
SCRATCHES AND0 O~THER IMPERFECTIONS (jNYMIN). 0O NOT POLISH
OR REMOVE iMPERFECTIOMS FRMU ACI SPECIMEN FLAT SURFACE&

R-'.PERIIAAENTLY IDENTIFY EACH SPECIMEN IN APPROJI LC SHOWN
USIJ4 MN V4, IN. H1I6M CHARACTERS. IDENTIFICATION To coNSIST or
LAST S DI605 OF DEAWIN II O. SPECIMEN DASH NO. AND

1 1 -43 ChISPCIRN.W IrF V TTQ2021-13 REPLICATE NO. IN THIAT ORDER, ie. 01-I51

1 -4219 7
PC~~ ~nIVF TO22 - 1 s IRA ALL SHARP EI.E

-4017 ItvUli-1Vp/p782 00

1 -423 MY TR YDOI-10

1 -41 -IIII I

1 -401 -101-

-413 MKINN t~rFILL MTT&. I - M-1_

-75

- . ..- 313 Ti 1IIUIE TTNI-11 1 4

5,3 PZ iEN TESTSLE TT&XO4E I

-t0 21 RD FILLET PWTrOB IS .

-titS

CI /7 AII2sif Bv T0 0 1 - - 44341

11 V7 -- * F ECIMINA SIDE F TTIOO1 - 401-1

w"I -703 . It

-%5V PfCiI1F2IE?' . 5 1T -501 4fI
-...-- 103 SgI1F~~8EI-O . . - -7? -3

10114 gA2 $9 M F T811101. -
AW MWIDER jWI DE5CRIPTION MA-TERIAL MATERIAL I1AAIWRIAL ppoCES PR NM

PARTS L.IST (CONTO) ie Se



TO BE SUPPLIED OY STRuarUROS
MKS AND TRIM TO $IZES 3140WN
ON PANEL WeLOMIEMY TO 81
STRUCTURES e1414NEK.

twTV RfD A OOUTC L 0 F %OR I LL
TE EN0S Of' rHE 1.500 WIDTH

D IFFER IN wIDTh BY 00ft T*AN
fCOF THIS5 5TOAI4NT PonrTiN
sUaI IVANI TIM WIDTHI

P8I.IS" PLATOE £OG.S OVER
SteTIOM TO REMIOVE ALL NICK$,
CTION5 (V liN). DO NOT POLISH

AlA' SPLComthE, PI.AI SUPPACE&

SPECIMEN IN APPROC LOC SHOWN
TEE. IDENTiPICAToOm TO CONSIST OF

1., SPECIMEN DASHl NO- AND

i~e. o%-zgIz

1/1~~ ~ ~ ~ WELDED PLATEIT V TSW-



r A

g IWELD REF

AS - THRU-5, -9 TI4RU- AS. -V0

0l



T._____ TABULATION IBLOGA

BY ASSY ND A B C 0 T.REF iF

-1 70 J.o - .1.. .313

.5 70 .3.5' 31 1

U,-9 7.0 S .3 V

I L :Ji- i =.313

-S 7.0 3.5 iSO -353

THRU- AS. -00
-101 - - 33

IIRW-II T020 IT] - -.



L---iTRIN4E:D PANIEL
STRUCTURES cEVG

ON PANEL W(LDMENT
STRUCTUJRES ENGI

t. BREAK SHARP EDGES
a--J~uo orr HANo

-SPECIMENJ TO RC

:IEPRVECTOU I
- PERMANEJTLY IDENTI

LOCATIONS SHOWN4
IDE~nTFIGATO* 70
NUMBER. SPEC~IMN
iftV THAT ORIXrR a-

S. ABREVIATIONS PER

I0

run-



MAIM_

NOTES.
E!>LNTRIMMED PANEL WELDMENT TO BE SUPPLIED BY

STRUCTURES ENGINEERING. CUT SPECIMEN BLANKCS
4TRIMl TO SIZES SHOWN ON FI0. LAY'OUT Or SPECIMENS
ON PANEL W(LDMENT TO BE CWRIINATED WITH COGNIZANT
STRUCTUIRES ENGI1NEER

2. BREAK SHARP EDGES ON ALL 5PECIMENS
aI>.RLJIIOOFF 6 HAND POLISH EDGES OVER rUL.L LENGTH OF

SPECIMEN TO REMU MJL AL NICICS SCRATCHES AND OTHER
IMPERFECTIONS(W MR). 00 NOT POLISH OR REMOVE
IIPERTECTIONS r OM ANV SPECIMEN FLAT SURFACES.

B:.PERHANUTLY IDE14TIFY EACH SPECIMEN IN APPROximrcTLOCATIOS SHOWN USING, ft P4141MLJK HIGH CHARACTERS.
IDEPJTIVICATIOH TO CONSI5T OF LAST 3 DIGITS OF DRAWING
NUMBER. SPECIMEN DASH NUMBER REPLICATE AIMER II N THAT ORDER ic. 020-I1l-Z

4. ABBREVIATIONS PER MAL-STD-12

'@ CM Z~O r T1Swtot - 40. a:.

-I5Tppsll



ROLLIN(.

DIRECTIOIJ

SEE TABUtATIOIJ
8LOCK

4AS



'rA&Anof aa9L

MMOO

-gri

-17

lo-'3

2 -I-

t TA15L~*/7

9"-Al'

L- REF

1=020'



D:.PRW)TYoxjiyEC 5LBYI PRIAF1 RA L HRLOCAIONSHON UING MIN141H CARA~FRS ILA~rUAILSS r~tWIS

TI. FLROM Aj~ FIAT LANEAC E5AL1BY HII &OL113 LCATED I.DE ALL SHP

INl FROM THE EDGES AT ALL 4 CoR~ieRS or rI4E PANEL YVTLD"ENT ?TCSE.TIT
- I W/TH HAND PRESSURE APPLIED AT ANIK CO^,sgf iA(&SS.&Fv M To PRODUCE THei

PRODUCE CIONTAC. S. AV WLD REPAIRS
~>AS A GOAL mEnD SAwED L2wrh/A FoROTrosmA OEeRmmeo Fom PRIS1

- 73 AWOSFAAC 1lNSAPECT/ONS)A'17 TI,' )VYA/ AAPEA OXC PAT517Y POR IAC/I Or . PosT kcLD sTRwk6
WfiD LEWNTI TO aE/I rTN!A MfW 2 35 "C; 5 S OF TH A MrENA fNtj5. MLET SPECIFIED

Rz.SAWE AS 3V- EXCEPT ApL-A OF POmROSI A~p I,,vo.- WELD 4EgwI# To 81 fltw -1ULEOURES'T70BE
-5S rO 75% OF TI/I £4M5 qWE7MZ r#/VCZAdF54 BEFORE e~ AFTER CO

-1 0. ALL INSFOSfTOPIS fDSW~ APPOA t F Lo GAIZITSitCLIE cHI. IHCE PROCDUhEW. EST A5tN~JE5 ~C li 70ACC PANCE 1IWTC ITIA
TH- SArI! A OIT> fXOCISEX WhVC (A 7)AlA 9 aW . SRUTUESEESA

,YAYEI 140S&~! AX 3FAA'!O IA'I

7D AllY DAH' AID. WEE AZPER Mt

-17~W~HA ANDD 45MOA itbA
R1::- Oyl DMO'T eATRIAL HICKNS Mtn ef ALTREDE/. V.AIIASr'V t
OP .10/APPRLO PSANED 3KVZSAWOU'ECNGWPR PROCEDURES 4!OTI

-13~RID OOA?~ WfDN k WROCEDURE MMOW PMAD A fWEtff CLAS- &'WCD

ODAN 7W AOIN. -AJEN Y -

-1 /0/RDAW~AokNE
RC~f Aft7,02 &<XA4C' MWAW A0VnWf**H5 N

SHA IN46 rd X AWO MMNOI,5WANE dWhW49 SI

-I0 I I -It11 #1 1

-/-I-

-113

LI -11 0-71131I -SI 7 3I PR

____________ UANrnI NLI4MSR

iI,
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1. BREA"~ ALL. SHARP EDC.L5
W-l UBESort/Rwise sPeC/PIED PABRCAToA' wELDlAID e

INJSPECTIONJ 70 BE PER AAMSZA D900-LP-/XO-4010
3. WELD SYMBOLS PER AWS-A-2.0

IF + ALL wELD/AX, p/sr BE PER PROCEDUAIES RUAUPfIED OR -SE5 PRODUJCTIONl
MLWELD"EWT OrTE SAE TOIjT~ CoNiFILRATIO$J* ExCepT As mOD/rICD

m TO PRODUCE rAE SPECIIEDl d'ELD /1r-rRrECrOA1S
S. W WELD REPAIRS 3F WELD ,CPEA'PECrIOAVS ARC

Afw FERMIS5BLE
TY m~p /'C# 05 L.s kiT eLD sTRAcwiaEqimc(irRmA)sHAiL BE HINI14UM NECCSSARY 70
49E45f YI /YJSS. NU PEt pCtiFED ORAAr.A 7VLfRAAVCfS. ALL STIGH/rMIANG

LE'?NT# S qD' of a v.EDUPES TO BE FUZZY DOC41MENTED INCLUDINIG
BEFORE e AFTER CODJITIONJS.

OFn~a 7. ALL FABRICATION PROCEDURES TO9 6. DoalliEAJIW PLIR
OF LV'* &D. £AhIMURIWJL REFERENC-

5. ALL WELDS 'TO BE WS~ VIS5UAL 4 PEAlE RANr imspicTEo
ACCEPTANCE CRITERIA 70 &f SECIrIED BY CZJIZ'AJJT

* STRUCTUIRES EkICIAEER. USE GROUP 31 LIQUID PENETEANT ONILY.
* 9. tips RADioaRAPIic IN5PEcrIam or ALL wELDS To ar

PERFORMED PER 145-STO-Z71 WirwI VIEWS TO BE TAKLEN AT BOTO
NORM"AL AND 451 INCIDENCES.

0 . ALL IJIJAPEC 170/15 70 OE /faEy DOCi1NXAITtO INCLLUDINC
A ~mcoi sRCDR e 4DETAILED V,47L/Rf- SIZES 4't0CA70IIS

Or ALL lAVWRrEC TIC/I EXCEED14y, NAVSCA D900P-0300O
CLASS.3 4MVSEA DSOO-LP-O03 -900 CLAAS 3 STAONDS

8y

/s A&/ A

-i -ay $46--10 .11-09

-1"

SI1 I 3 -7 -3 FA PRT MATERIAL MATERIAL
GUANTIT, NUMBER l DESCRIPTIONJ MATERIAL SIE I5E PROCLS

MNSVERBTTWL

kL ES



C L SYM 06

B 3-J3.W,- 311,-315319 4 -323 TH RU -329

MA~ 2.0 EE DErAL

M DOUSLER -409 THI-415LA

-901 VASI -10



I> SMALL QUANr1TIES Of tAG-051IL (CAWOT
IN ADDED TO ADHESIVE TO INCREASE VISC0911
EASE OF HANDLINWm.

0B HYSOL DIVISION, THE DftTER CORP, LOS 4

DD--- U5110 T14E TWO TOOL.IM6 HOLES $ AT
END Of THE SPECIMI!N, LOCATE AND DRILLA
REMdAININ,4 END FIXTU'RE ATTACHMENT "1
EACH END OF SPLCIMEN IJSIN4 DRILL Pig

NO. TTOtO2.49. ADD SPACFRS A140Dl

4 - -- - AS WWQIRED TO TOOLIWJ4 FIKTURE TO Iser
DtIMSION P'ROV'IDED BY W011tANTr ST"
VJ4INrER. r& 0I USE 3 'Rer wwA&JLT

8.PERMA4E~lY JDEN4TiFY EACH SPFC#MW%
APPROX LOCAlION 15MOW4 IJINf. Y4 HiGR
CHARACIERS. iDftT TO CON4SIST OF LA1674
Or- DMAWIN4 NO, SPECIMEN DASH N.~
TEST OR F'POOR FAT,1LE TEST, AMP RE01.11

. INOt. 0, Z--Z.

M>-. DOUBLER MATERIAL AND IGAC'E 51,63ME
epsl~4~jARE PERMITTED WITH APPROVAL OF C0(gjW

.- I 5TRUCTLJRES EmNIEEf.

10,000- -

V.1--T -CL SYMtd

- 7 .25

REF .409

1 4,E STRWCURAL ADHf5IVERE
'-' TYP A5 REQUIRElD

8 LCDASH A S C D E F
-&Do -N -. 7P REF E EP REP ,,

.13 DIWA ROLE -i.7f -

DDI OI-42L .33

All AM I

A W :



(,wigs CoNT') NOTES:

0. SMALL QUANTITIES Of CAB-O-SL (CABOT CORF)MAY 9--- TTOt4 LARGE ASSEMBLIES TO BE SUPPLIED BY

6B ADDED T0 ADHESIVE TO INCREASE VISCOSITY FOR STRUCTUEfIS EN14INEEIIN.. CUT SPECIMEN BLANKS AND
.ASE OF HANDLIN4. TRIM TO SIZES SHOWN ON P/D. LAYOUT OF SPECIMEN

* HYSOL DIVISION, THE DEXTER CORP LOS A94ELe5 CA. BLANKS TO BE eOORDINATED WITH COGNIZANT

. J5INjq THE TWO TOOLN4 HOLES Tr4 AT EACH STRUCTURES ENINfER.

* END OF TE SPECI EN LOCATE AND DRILL ALL ?BREAI SHARP eDaCS Do NOT FINISH, POLISH OR
REMAININ4 END FIXTURE ATTACHMENT HOLES IN REMOVE IMPERFECTIONS FROM ANy SPECIMEN

-EACH END OF SPECIMEH USIN4 DRILL FlITURE FLAT SURFACES
NO.TTSO?..OZ. ADD SPACERS AN1D ORS $ :'STATIC TEST SPECIMENS ONLY.
AS REQUIRED TO TOOLIM FIXTURE TO SET 'JTREF
OIJENSION PROVIDED By C04NIZANT STRTU FATIUE TEST SPECIMENS ONLY- ROUND OFF

SE ',7Rer TABULATeD ON P. CORNER. AND HAND POLISH PLATE EDgeS OVER
IN ER. DO I USE ' T / FULL LENgTH OF REDUCED WIDTH SECTION TO EMOVE

R.pERMANENTL'Y IDENTIFY EACH SPECIMEN N ALL NICKS, SCRATCHES AND OTHER IMPERFCTIONS
APPROX LOCATION SHOWN USING 1/4 HIGI! mN (31 MIN).
CHARACERS. IDENT TO COPSIST OF LAST 3 D1ITS
OF D1AWFIN( NO, SPECIMEN DASH NO'' FOR .TATtC I DES14NATION Of STATIC TEST AND FATIUE TEST
TEST OR'FOR PAT4LUE TEST, AND REPLICATE SPECIMeNS TO BE OBTAINED FROM COGNiZANT

* NO -9. OZZ-201-FZ. .'STRUCTURES ENGINEeR.

D -,-DOULER MATERIAL AND (1ADE ,UBSTITUTIONS [-IDtNTIFY EACH PANEL IN APPROW LOCATtON
ARE PERMITTED WITH APPROVAL OF COGNIZANT SHOWN USIt( INIC (MARKINGS WITH Y/4 MIN HI4h
STRUCTURES ENGINEER. CHARACTER'S. IDENT TO CONSIST OF LA57 3 DIgiTS OF --

DRAWiNG NO, PANEL DASH NO. AND "S' FOR 5TATIC
TEST OR 'P FOR FATIGUE TEST, t.e. OZZ-sos-.

D- DATUM .4'TO BE CENTERED WITHIN .010 BETWEEN
STIFFENER BASE INNER FACES CASOVE FILLET WELD

BEADS) At EACH END OF TRIMMED PANEL. USIN4 A #t t V
STRAIGHT EDGE CONNECTING THE LOCATED END I
POINTS, LIGHTLY SCRIBE B0 LEN4TH LINES ON
STI"FFENER SIDE OF PLATE STARTIN. AT EACH END OF " 1

PANEL. DRILL TWOJ Ty7,, yWAfN AS USADAS ,SvWAYm

M:.:--/j DIA TOOLING HOLE LOCATED AS 3HOWN. 4 4 4 4 4 4

9>- USE DRILL FIXTURE NO. TT8Otb TO LOCATE _. t C El
AND DRILL ' 59/j'. DIA TOOLINC. HOLE. -

R:. BEFORE BONDING DOUBLERS, LOCATE AND DRILL
.3751/3ODIA HOLES IN -409 4--411.

*DOUBLERS TO MTCVH LOCATION OF. DANEL - :

TOOLING HOLES" '.:
M>.PREPARE DOUBLERS AND PANEL ENDS FOR

BONDIN IN ACCORDANCE WITH ROHR MPD 02004.
WITHIN I HOUR AFTER CLEANING, APPLY A THIN - - - -.

-409 COATING OF PRIMER TO BONDIHN SURFACES AND
REP DRy I HOUR AT TS*F. APPLY PRIMER AS RECEIVED 4

ONLY SUFFICIENT TO NE THE BOND SURFACES.
j . BOND PRIMED DOUBLERS TO PRIMED SPECIMEN

PER ADHESIVE MANUFACTURER5 IN$TRUCTION" - I I
* MAINTAIN THICKNESS AND LOCATION DIMENSIONS

SHOWN ON F/D USINA TOOLING AS ReQUIRED. - - - - - -

DIM EN NT

DASI A SC D E F 1 H -:
NO Re RIF ReF IRF STK R F

-n Z O.3 )i' .et i - - - 4.5 "

-80, ., .13 ,7 . ,

TR

-6.0-
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P3NEL A

AllY f1 N Ip.,
W SO rK 5W

-407#41#' 3 (0 2AMI .314

-7 .0 ZJSI W3

05.)i 60 2.034 .314

-31 &60 2AM3 .864

Ar-- 4o

-105

-107 6.0 1.3 84

-M1 60 2A J14

.319 ~-207 70 2.~AA

01l .e220 .4

.S REF

-341 371
1333

.is

rOTIIAI6

A~ \VP,

T 80202



~ I>-1W4 bwsoNOW o v ar Ataw xv sui r smex cm
Silt. IU4IITAIN .75 111141N MIO WICCA wu. BRI AL SAW E s

SEWE W 4 PANEL SAECO" ATa LL.
LOCAPOiW POINMN~ AlWCANI .5 ,WMM., 9> L4mrA mAeL wugj rar
ROTTIW. ThICKWESS BMWN woo4 LID CuL5 S7PAR"ff ammsEff. cur
AT A1 LocATioDjs. SLMS e MANW AS JW SO OM

M>f W BY WCI4 CPO. MlNVEMS, MSS 70 AELu cON&1
sT~wTuwC £LgAKOR.

0:,.U.tv mmfAAtw myO PaY
APPLor w mewr snamtw

ANC# or soveImo. No.a
ft'- SCWm wwATP or Lao mis

alAVAELS -4.0# -

____ ____ ___ ____ ____ _USE VOFCNSION UBISD f M

PANEL A55Y__DIMENSIONS 3MJWeos EawmWU i ff~

ASSY M1 SN P 01 R s T U V ISLR NrD

-3 &X 12.W3 .314 4.50 S o 3-3 1.2 .9 .72! I MI ARIRA R NA]AIA m 11

-?1 (.0 Z.034 .314 4.50 8.0 33 1.2 .9 744W

-vi(at 2.054 .314 .4.50 8.0 3.3 1.2 g :

-107 6.0 2.034 .314 4.0 #AD 3.3 1.2 .9 -w

-111 &0 2.0A% .314 4.M 0.0 3-.1 .0 J8__

-207 70 2.V .4A9 4.3 1.3. 1.3

~2' 7 ~2W.4/9 15179 .1 3 *5 jI

7- -

:27 PART

FLARTS UIST
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ftAMAS 3hW OW4M SSU.P frD. LAW~r a'

hZwMEr 8 ~oa~rxW worTm exar
5TOWCTURES EWdNEER.

APPROWk Or COGAWNT SYNUWNIS DGIY(EIR
W-- IFuLOW Mic 81C0MEAIDKTI6NS MR 5-JkACC

MWEN Or SMOC/MN. 1118111114,aM 77MfS.ZCrC
or': 5CRAM LOCATON Of LOAMDINGj AAS ONM TN EW Or

GWMMS 1w. IF -U09 ffna ATIA..
usE Vximallsimf 0874181 nwr cNswAur

NUMX cOA/f/TI £0 MT O2UW#

iM JRARI aw I MYlI 1.59SE

-411

I f-I I

1 -341115

- ~ ~ ~ ~ ~ ~~~PW - I - PN A'CIL?47N

wuerN OICRIPTION MATERIAL size SPEC AC

MINITh LOST_____

TEST ARTICLE ASSY-I STIFFENED PANEL,
COMRESIN ICLI23ES
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VIEW A-A J
(- 3,s THMLJ-331 *--,ta ONL) RE 0P

-315

-35
- 311

-36

- 30
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3do

PANELTRIMDIMEJSIOIJS 635.
ITEM A IB C D E F G H 4 K

~R REP REP REF REF REP

- 303 Z9,87 14-94 3 13 .750 28I 4.00 -150 3,94 7.94 2.0 / -

-307 ZS57Z 4*.94, 33, 7.50 .281 400 3 50 3.04 17.94 2.0

-311 298t 14941 313 250 2.81 4.00 I

-3r.5 3.13 f .2mI I T~L
-315 ±
-319 29.972 14.94 3 Q3 .2S0 .2W0 4.00

-30 2g.872 14.94 3.13 .200, 20f 4.00 -- T -r r

-375 2.42 14.03 a06 .375 .3441 .5.25 1

-3.9 Ob

-33I 29462 14.83 300.375 .3441 .2S uII
-3 29."2 14.83 .0b .37-3 3443553 - - - -

p4--
.. p

I I

.0

c O.0

3150_ 3 7.__ V
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m! CWiTO

______TABLE I

PANEL IAS&V A Bic IDIE 2taC MOXAMW 01r rvM
Otilom 10 ! * cOj .25 -1 31 IN IMdWPfi PASS WELD5 aw

WR PAW5S,*I IN WAW'N Rh/JA
NWL rit f PER.WS AE AT.
ONLY 70 APPCtr USE 4JWnImht

-I -1 -t -s .U -.M 4 3L M4TL*L aWIC ffav/ffs cHEMf-mfa
_______ ft QiJJED rN/CA"rS. JWW" BE

-~ -- 1~ u~~o4OVECSJREI /WaR C 7AFV Afc

-n~ g 4Ot- OT04,O±*O±1C .344 .37.3 51,

-0 15 Otjj! o1i ~ 0-iimi 100 25D 4

-23 -O t j O±To7  -LO .20 . .L

4 t it 7*±oT0*l -W .3S '4

- S Otj!2 1 O&-f1,1OT0* AW4 3

-ii 0*~± rotior* .130

31 Ot 1~ 0 *atOTO* .344 .37S Sf

~' k ~ if. 0 To~a ~~ .2DD .2 30

-91 *Oj !JOO, lo*'t -1

-91 O!Jot 401Ct&0±ojOi Aso .341 3*

-57, tO #.OO~ Ot ASD .313 3

- - - .20 .13 3
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~> (i~l ED) . BREAK A"L SWAP EWES
2U. LpARRicnlI PCE-IBIs Ta w BoCUMCIET pot
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